
PEEFACE. 


L ike the otlier voliinios wliicli Jiiako np tlic present series 
of t(H*.liinca,l works, the mai-tor of this volume origin- 
ally appeartid in the pag*(\s of the periodical wcdl known as 
The Tccinnrjd Jonrml avd f}Hhi^lnal Self-lmtntctor, 

For r(?asons which it is not necessary to detail here, the 
subject of carjxmtry was not comidetcd in tlie journal just 
named. That deficiency has been now supplied by a special 
section, wliictli i.akes up the important subject of timber. This^ 
so far as the somewhat limited space at the disposal of the 
Editor admittcKi, lias bticn made very exliaustive ; its main 
features being* generally so fully detailed, that the student of 
the general arts of carjxmtry and joinery — in both of which 
timben*, gemu’ally known and designated by tlio specific term 
of wood, tlic material mainly used — will find nearly every 
point of iinportanee described. 

The arts, which from another * point of view may also he 
describcnl as sciences, of carpentry joinery are so cognate 
to each other, the oiieratious of one being frequently repeated 
in the other, the scale or size of the s])ccial work almost the 
only point of difference, that it has heeix decided to combine 
the two treatises in one volume. This plan possesses so 
many advauta,ges tliat it will, no doulit, be appreciated by the 
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THE 

CAEPENTEE AND HIS TECHNICAL WOEK. 


Introductory. 

The carpenter claims for his calling, that if not the oldest, it is the 
most honourable of all. In the guild and other processions of the 
middle and the succeeding ages, and still in modern imitations of them, 
of which those got up with admirable vraisemUcmce at the fites of 
some of the leading Continental cities, especially of Belgium, are re- 
markable examples, the carpenters took the first place, claiming this 
in virtue of the sacredness given to their trade by the fact that our 
Saviour himself worked in a humble carpenter’s shop in old J udsea. 

The necessities of shelter from the inclemency of the weather, or 
of protection from burning sun or chilly wind and rain, would compel 
man to put his wits to work, in order to devise the best means of 
securing it. At first the caves and holes of earth, the shade of 
overhanging cliff and rock, or of some secluded spot in bosky wood 
or dense forest, would suffice to meet his wants. But as his numbers 
increased, and with them a desire, if not for higher personal comfort, 
at least for greater security against marauding foe or plundering 
neighbour, special structures woffid be erected. These, if not possessed 
of much that would add to the personal comfort of their inhabitants, 
and far from coming up to even an approach in accommodation and 
construction to the poorest of our huts now, would at least have the 
great advantage of sheltering from the roughest of the winds or the 
heaviest of rains ; and the then still greater advantage of strength to 
resist attack. 

Timher the Earliest Material used in Construction. 

The very abundance of timber, in those early days when lands 
were covered to a great extent with forests, would naturally attract 
attention to it. It was moreover the easiest to be used for construc- 
tive purposes, for it was met with in as wide a variety of shapes as 
in that of dimensions. And there is little doubt that the first habita- 
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tions of men were composed of brandies of trees roughly put together. 
Bui it was long before the art of workii>g in imibcr had so far 
progressed that large and imposing strnctnres could be elected with 
it. We can, without a great stretch of imagination, conceive of its 
gradual progress. At first, tools being of the rudest (possibly sharp- 
edged dint or shell for cutting, and heavy stones for breaking 
asunder) the very smallest branches, mere twigs, would be used; 
the interstices between them, fitted up, as they would be, in roughest 
fashion to form a shelter, being filled in with the smallest of twigs, 
or even leaves possibly, plastered over with mud or clay. But with 
better tools and growing skill the branches of trees would be sevei^ed 
from their parent stems, and these planted as posts at wider intervals, 
would give points of support, between which smaller branches would 
be placed, and between these the intertwined twigs and leaves as 
before. It would be some time before the huge trunks themselves 
could be made use of. Ho doubt, long before axes sufficiently sharp 
and strong to sever them could be available, fire was used to level 
the lordly trees of the forest to the ground ; possibly also for long 
to separate them into manageable logs or lengths. But when tools 
capable of dividing, as saws, of cutting or slicing, as axe or adze, came 
to the aid of man, a new era in the art of workmg in timber would 
be opened up to him. 

Tools used by the Carpenter. 

The tools of the carpenter are but few in number, and to a great 
extent of extreme simplicity of character, as compared with the tools 
more or less elaborate m make, but in number considerable, which 
the requirements of some of the mechanical arts demand. But few 
as the tools of carpentry are, they have a history which, if only 
known to us in its full development, would be seen to be full of 
most suggestive incidents and of practical value withal But of this 
we may be sure, that the progress of the art would be dependent on 
the progress of tool-discovery and tool-making. At first the work of 
the carpenter would be of the simplest ; his tools by which that woi*k 
was, so to expiess it, bounded or limited, being themselves of the 
simplest. The smallest-sized timbers — or rather, as we should say, 
trees — would be dealt with, — long, indeed, after the rudimentary 
structures we have already alluded to, which would be more correctly 
called mere booths, or arbours to use the popular term, were replaced 
by erections which could be classed under the more imposing name of 
structures. But these could not he made without tools. Tools, there- 
fore, would be invented; and, as we have said, would naturally at first 
be of the simplest and lightest character, which could only do the 
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simplest or the lightest of work. The subject of tools will he treated 
of under a special head, so we leave it for the present and pass on to 

Carpentry as a Constructive Art. 

Considered as a purely constructive art, carpentry differs from 
masonry, the chief work of which consists in providing structures of 
stone for the shelter and convenience of man as much hy the nature 
of the materials which it employs as by the method of employing 
them. In stonework the stones are generally placed in horizontal 
layers the one above the other; their weight if they are cut, and 
the use of mortar if they are rough, or if there are any imperfections 
in cutting to be remedied, giving them the necessary stability. Thus 
are formed compact strong walls, broken only by such openings as 
are rendered necessary by the nature of the building. In putting 
up timber-work, on the contrary, a greater or less number of squared 
and properly cut pieces of wood, which can be inclined in any direc- 
tion, are put together in such a way that the end of the one rests 
on some point of the length of the other, lending each other a mutual 
support. The pieces or members thus form hght divisions, which 
have the advantage not only of great stability, but also that of being 
rapidly constructed ; while the whole structure possesses a lightness 
which is sometimes necessary, and which stonework does not give. 
It is thus that the carpenter erects with remarkable rapidity houses 
and buildings of all kinds ; that he divides them into stories in the 
simplest manner ; that he builds bridges of all sizes ; that he covers 
the largest buildings ; and that his results, often preferable to those 
obtained from another kind of construction, are generally less expensive. 

Some Technical Definitions connected with the Art of Carpentry. 

In practical phrase we say that the pieces, of timber forming any 
structure in carpentry are joined ” together, and the different 
methods of joining” are in technical phrase called ‘‘joints.” When 
two pieces are placed simply in contact with each other, we use the 
term — used also by the mason in similar circumstances of his mate- 
rials — “bedded,” or say that they “butt,” meaning by those terms 
that the pieces of timber merely rest or press one upon another. 
When the pieces are connected by means of projecting parts and 
hollows and grooves the terms above named are employed, signifying 
that they are joined by what are called “ joints.” When a number 
of pieces are so connected firmly together, forming an arrangement 
designed to serve a special purpose, as a floor, a partition, or a roof, 
they form what is called in general terms an “ assemblage,” or more 
popularly a “framing” or “framework”; this having its special desig- 
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nation according to tlie pnrposG wliicli it is designed in construction 
to serve. And tMs framing, framework, or assemblage, is arranged 
or designed in accordance witb the principles of the science which 
dictate what the methods are of securing stability in the structure 
as a whole. Those principles come under the general title of the 

principles of framing.” 

Prop^jsed MetRod of Treating the Creneral Subject —The Practice of Joining 
Timbers together, or Joints— The Theory and Principles of Framing. 

We thus see that there are two departments of the art of car- 
pentry, each of which, while it has its leading principle or principles, 
has also details more or less numerous. Theie are two methods by 
which the pupil can study the art as a whole, first engaging himself 
with the principles of framing, or what may be called the theory, 
and by some has been called the architecture of framework; secondly, 
taking up the consideration of the practical methods by which the 
timbers, their position and arrangement, have been determined by 
the design, and this based upon the theory of framing, and in pi'actice 
worked out with the various joints deemed best fitted to secure the 
soundest mode of construction and the permanent stability of the 
whole. We have taken into consideration the general circumstances 
in which the majority of technical students are placed, and also 
those of many of our readers who are not directly engaged in 
industrial work, but still greatly interested with many of its details ; 
and we believe that we shall best meet the wishes of the majority 
of those two classes of readers by taking up first the purely manipu- 
lative or handicraft part of the work of the carpenter — ^that is, the 

joints” he uses in forming framework or framing — thereafter 
explaining the principles upon which that framing is designed. 

The knowledge of the ‘^joints” is very important, inasmuch as 
when we erect timber-work we should not put up a single piece, 
however useful it may otherwise be, without seeing beforehand how 
it will join with the others, and how we shall be able to work it 
out or practically execute it and put it in its place. Unless we do 
so, the projected framework would be impracticable. An assemblage 
of timber or framework, however complicated in appearance and 
however numerous are the pieces of which it is constituted, is, so far 
as the department of “ joints ” is concerned, always reducible to two 
pieces. After being joined the two pieces are then to be considered 
as one; and if a third piece be added to this, it does not constitute 
a joint of three pieces, as the pupil might at first suppose, but is 
obviously a new joint, and of which the feature is as said above — 
that is, of two pieces. The first piece, composed say of a and B, 
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makes the one piece which we call c ; the third piece, denominated 
D, makes up the assemblage ; but so far as the “ joint ” is concerned 
of D, there are, strictly speaking, only two pieces, c and n. All joints, 
therefore, require, and only are concerned with, two pieces. It is 
the combination of pieces which form an assemblage or framing,” 
although parts of this may be made up of two pieces fbined,” or 
of single pieces of timber only. The reader will perceive, therefore, 
that the practical work of carpentry — ^that is, the handicraft skill 
of the carpenter — consists, first, in joining pieces considered as simple 
members, and second, in arranging those different members so as to 
form a framing or framework ; this form being dependent upon the 
character of the office it has to fulfil, or the purpose for which it is 
designed. And, as we have already said, in designing this frame- 
work or assemblage of single pieces or members, an acquaintance 
with certain physical facts is desiderated, and a knowledge of certain 
mathematical principles and geometrical constructions is further 
necessitated to make these facts available. This part of the subject 
may be called theoretical carpentry, and its features will be explained 
in due course in this series of papers, which concerns itself with 
carpentry as a whole. It might perhaps have been a more logical 
method to have considered the subject of theoretical carpentry in 
the first place, thereafter taking up the consideration of the methods 
by which the requirements of theory are met by the details nf practice. 
But on due consideration we have deemed it most likely to help the 
pupil, whom we suppose to be for the present ignorant or nearly 
so of the subject, to arrive at a rapid knowledge of its practical 
details and principles or theory, if we take the details first. In 
illustrating and explaining these, much will be given by us, and we 
hope much will be acquired by the pupil, which will bear upon the 
theory and make its various points to be more easily understood by 
him. Having by this method of dealing with the whole subject a 
knowledge of what may be called the handicraft part of the work, 
he will be able to give, as it were, a concrete form to much of the 
abstract reasoning involved in the explanation of the theoretical 
principles upon which framing or framework is based. The first 
department, therefore, to which we direct the attention of the pupil 
is that of 

Joints and Various Points connected with them, treated of in a number of 
Consecutive Paragraphs ; Greneral Character of Joints. 

When two pieces of timber are to be joined, the relation they have 
to bear to one another determines the characteristic feature of what 
is technically called the joint.” First, the pieces may be at right 
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angles to each other, in which case the joint is called a square joint ; 
or the pieces may be so placed in relation to one another that the 
one is placed at an angle to the other, when the joint is said to be 
oblique, or is sometimes designated as a mitre joint — although this 
last-named joint is one of a special character, more closely relating 
to the work of the joiner than that of the carpenter ; some of the 
work of the joiner overlapping, so to say, that of the carpenter, and 
mce mrsd. The exact character of the term mitre joint will, therefore, 
be explained and illustrated fully in the volume in this series entitled 
“The Joiner for, strictly speaking, a mitre joint is one in which the 
angle is invariable, and is used to join pieces which come under the 
first category named above— that is, of pieces at right angles to each 



other. In addition to the joints for pieces or members at I'lglit 
angles and those oblique, there is a third class in which a piece, 
constituting a single timber, is made up of two stouter pieces, the 
injunction being formed by a particular class of joints. We have 
thus three classes of joints to consider; and of these we take up the 
hrst, whmh concerns itself with two pieces, one at right angles to the 
other. But before proceeding to take up the systematic description 
ot the classes of “joints” and the numerous varieties under each 
Class we shall give, as mtroductory to the general subject, illustrations 
or What may be called representative or typical forms of joints undei 
the classes we have named, together with sundry considerations 
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connected with the general subject, and some remarks as to the way 
in which the joints were introduced, or, as we might put it, invented 
or discovered. 

Representative or Typical Forms of Joints. 

Fig. 1 represents the two simplest forms of the square joint 



Fig. 2. 

named in last paragraph, in which the piece a, or member, is at 
right angles to the other, h. This will be described in detail when 



Fig' 3. 

we come to the systematic consideration of all the classes of joints 
with their varieties. A much higher variety of joint of this class is 



THE carpenter AND HIS TECdiNlCAL WORK. 


illustrated in fig. 2, wHch represents tlie double variety of the most 
important of aU joints of the class, known as the mortise and tenon 
joint, of which more hereafter. In fig. 3 we give another vanety of 
square ioint,” m whicli one piece, as a a, is horizontal and jointed 
to the other piece, h h, which is vertical, at a given point of its length 
or height. This illustrates the form of mortise and tenon joint 
known as the dovetail mortise and tenon. In fig. 1? Plate I., the 



Fig 4. 

reader will find another illustration of this class of joint, in which 
the king-post a is joined at right angles to the tie-heam h. More 
forms of joints of this variety will hereafter be illustrated. In those 
three varieties of the first class of joints, or “square” joints, figs. 1, 
2 and 3, and fig. 12, Plate I., one of the pieces is horizontal, the 
other vertical ; but in fig. 4, while the two pieces are still at right 
angles to each other, the piece called the “ wall plate,” as 6, runs at 
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right angles to the Ime of “ tie-beam,” a a. Pig. 5 is another example 
ot tnLs variety of joint, in which the piece or “flooring joist,” oc, 
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in fig. 6, in which the piece or strut ” or “ brace ” e or ^ is oblique to 
the vertical piece or ^^queen-post” ac& or In £g, 12, Plate 1., 
another illustration of an oblique joint is given, in which the piece 
or “ strut ” e is joined obhquely or at an angle to the piece or king- 
post ” a a. Other forms of oblique joints are shown in figs. 8 and 11 
in Plate I. In fig. 7 we give another example of an oblique joint, 
in which the “strut” or “brace” of which the foot joint is at a is 



Fig 7. 


obhque to tie “tie-beam” b. This will be desciibed in a future 
paragraph. In the examples m figs. 8, 11, and 12, Plate I., the 
oblique piece and the vertical piece both lie in the same plane— 
tiiat IS, their faces are paraUel and run in vertical lines. In fie. 8 

rhSnT f ^ f “ohUque" joint in which both pieces lit in 
a horizontal plane. In the upper diagram the oblique member or 
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piece c terminates at the outer edge of the piece d d. In the lower 
diagram the oblique piece i i crosses the other piece h k, so as to 
extend on both sides of it. In Plate I., in fig. 6, an example is 



Pig. 8. 


given of an oblique joint in which one piece, the “ collar beam,” as 
a a, crosses horizontally the oblique piece, namely the rafter ” h h. 
We now give illustrations (figs. 9, 10, 11) typical or representative 



of the third class of joints, in which a long piece — considered as 
one member — is made out of two shorter pieces. This method of 
joining is known generally as scarfing.” The simplest form of this 
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class of joint is that known as the half lap,” illustrated in fig. 9. 
Fig. 10 IS a true scarf joint, and fig. 11 another example. All the 
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their appropriate paragraphs in succeeding chapters. Meanwhile we 
proceed to offer some remarks on 

The Origin of Joints in the Work of the Carpenter — ^Practical Points 
conrxected with the Subject 

Although some of the points connected with the origin of joints 
are more or less conjectural, still there is good ground for believing 
that the early work which led to the discovery of the joint as a 
feature of carpentry followed very closely the Imes we shall presently 
indicate. But apart from other and obvious considerations connected 
with the subject, the youthful reader will possibly bo led by what is 
given to see the practical advantages which will accrue to him in 
his after life from thinking out or over the various departments of 
his work. One of the shrewdest and most practical of our technical 
authorities has remarked that the great task before our industrial 
workers, and those who are being educated and trained to add to the 
ranks of these, is to learn to think, or in other words, to acquire the 
habit of thought. That this once established, there will be no doubt 
of future and further progress, as aids and helps of every kind, 
either in the form of technical classes or technical books, are at hand 
to lead the technical workers to exercise their thoughts in pi*actically 
useful directions. And that there is a vast deal of truth in this 
dictum of our eminent authority, no one who knows, what practical 
work is and what workmen are, can have any doubt. Everything, 
therefore, which tends to cultivate this habit of thinking possesses 
a positively practical technical value. We proceed, therefore, to the 
subject of the present paragraph — ^believing that our remarks will not 
only be practically interesting to the tyro, the beginner in the study 
of the art of carpentry, but we have some reason to hope that they 
will be of some suggestive worth to those who, while they are well 
acquainted with both its theory and practice, have not as yet attempted 
to trace to its origin the method by which both were arrived at, and 
by which the early labours of the carpenter were raised from the 
position of mere matter of handicraft skill and dexterity to the 
dignity of a science. 

In proceeding to trace the progress of the art of carpentry, so far 
as it bears upon the general subject of “ jointing,’' in some of its 
more special aspects, we have to notice, as already stated in, an early 
paragraph on the tools of the carpenter, that in the erection of 
timber structures, those being for a long time confined wholly to 
domestic purposes, light timbers for obvious reasons would be used 
in the first instance. And this if for no other reason than that 
they could be more easily worked to the desired lengths and shapes 
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by tbe simple tools then used, to say nothing of the greater ease 
mth which they would be handled and placed m position. But in 
some instances longer and stronger pieces would be required for 
some special purpose than could be conveniently obtained or ready 
to hand. This would naturally lead to the consideration of methods 
by which the desired piece of a certain length could be obtained by 
the junction, in some form or another, of two or more of the 
smaller pieces at disposal; and thus the system of ‘^joints” would 
be begun to be established Joints at first would be of the simplest 
character, what one might call the rudimentary forms being only 
used. Thus we can conceive that [amongst the first joints (so to call 
this simple arrangement) required would be a method of joining two 
short pieces together in order to make one single long piece. The 
easiest way to do this would be as roughly represented in fig. 12, 
in which the end of one piece, as a a, would be passed over the 
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end of the other, as h h, the two being tied together by means of 
some simple Kgature, as c; very frequently, as may still be seen in 
some semi-cmlized paiiis of the world, some vegetable fibre or willow 
withes ^eing used for this purpose. But this joint would depend 
for its strength wholly upon the strength of the bond or tie at c, 
and on the way in which this was tightly drawn and tightly secured. 
And at the it would be a weai joint, the parts being easily 

moved from side to side, as the touching surfaces of the two parts 
bearmg upon one another would be of the smaUest— namely, points 
or parts of a circle, as at i andy. To make them lie more “ sweetly” 
^ frequently employed in mechanical construc- 
w rti surface would be requisite, so that 'there would be 

but httle rolling or rocking motion one upon another ; and it would 

Seni^fffC TT® n ingenuity to discover that 

way. The two flattened surfaces would be placed together, and to 
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prevent tlie tie from slipping off, a notch or two, in which part of it 
would lie, might follow. 

But this system of tying or binding two pieces of short timhei 
together to form a single and longer piece would, even ff the two 
were so securely bound together as to form a strong joint, be the 
clumsiest possible arrangement. The sense of the fitness of things 
comes into play much more early in man's civilization than some 
are disposed to admit ; and this would show how awkward were the 
breaks in this form of joint, as at e/in fig. 12, even where the piece 
was to be used alone. Where timber lengths so joined were to be 
placed in juxtaposition, or resting upon one another, the awkwardness 
of the joint would be still more noticeable. We have shown how 
this 3oint, awkward as at the best it is, would be greatly improved 
by giving flat bearing surfaces, as at d in fig. 12, to the two parts 
placed in contact. 

The Half-Lap Joint. 

Now, we can easily conceive one of the early carpenters or builders 
in wood, engaged in preparing the end of a piece of timber to be joined 
to another in this way, being led to try the effect of cutting the end 
surface away till a considerable depth in each piece was obtained. 
In placing them together he would find as a consequence that the 
projections, as at the points e and j^in fig. 12, would be lessened or 
lowered just in proportion as the cut at d was made the deeper. A 
httle thinking out of this consequence would lead him to conclude 
that a point of depth would be reached some time, in continuing to 
deepen the cut, as at d, which when reached and the two pieces put 
together, the upper part of the piece a a would range with,” so to 
express it, or be in a line with, the upper face or line of the piece 
h b, or, to use the technical term, be fiush.” The same would hold 
true of the under sides. The position of the two pieces would be as 
shown at (Z & in fig. 13, the joint between them assuming the form as 
ate. The end of one of the separate pieces would be as at c ; and 
the depth of the part cf^ovd g, would be found to be exactly equal 
to half the depth, or the two together to the whole depth or diameter 
of the tree or branch, as at h. 

Here we have a true joint and following upon that shown in 
fig. 12, which was in all probability the outcome of the first necessity 
— namely, to lengthen out short timbers — ^we may safely conjecture 
that it was the first true joint used. It is still used, and largely, 
in carpentry, and in joinery often, and is known as the half -lap 
joint,” as at c in fig. 13, the simple lap (over), or full “lap,” being 
that in fig. 12 at e/; at fig. 9, in last section (page 11), we have 
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wen a drawing of a half-lap joint in section, and in figs 10 and 11 
later and more advanced forms of what are called scarf ” joints, 
which grow out of it. 

ContmTiation of tlie above Subject, with Practical Examples. 

In fif^. 3 (page 7), we illustrated, as one of the typical joints, 
a square joint — a method of joining a horizontal piece of timber 
to a vertical one. This forms one of our most elaboiate joints, 
but we can easily conceive how it was preceded by other forms 
of a much simpler character, of which probably its first form was 
discovered in connection with a part of construction which in its 
direction would be as elementary as that of tying or binding two 
pieces together, as in fig 12, at a h b. This would be the con- 
necting with a horizontal piece two vertical posts or timbers stuck 
or forced into the ground to form, say, the side of an enclosing 
space, as a hut. At first, the enclosing wall, so to term it, of a 




Eig. 13. 


hut or hovel would be formed by a series of branches, nearly of equal 
size, placed close to each other both for strength and for shelter 
from wind and rain. In process of time it would be seen that the 
purposes of shelter would be obtained as readily, where shelter was 
more essential than mere strength, and without the use of so many 
thick or strong branches, by havmg the stronger ones placed at inter- 
vals in the ground, as at a a, 6 6, fig. 14. The tendency of the posts 
to separate from or to fall towards each other, if left unsupported — 
a tendency the stronger the higher the posts, so to call them, or the 
thinner they were — would be counteracted by introducing a third 
piece of timber — technically now called a ‘^member.” This would 
naturally be placed horizontally, as at c c, and at first would be 
secured to the posts at the two points in the simplest way — by tying 
them together with some vegetable fibre or the branch, as of that 
of a willow, as in fig. 12, at c. A number of these horizontal pieces 
placed at intervals in the highest of the posts, as at c? e would 
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obviously give facilities as holding-places for interlacing the smaller 
branches, as g g, running vertically. Those with theii* interstices 
filled up with leaves, or, blotter still, moss, which would be found to 
be valuable for many purposes, would form a screen or wall, so to 
call it, which, for preventing access to wind or rain, would form no 
contemptible enclosing surface. 

But this arrangement, while it would be proved to give strength 
with fewer strong vertical timbers or posts, would be seen to be an 
ugly or awkward joint, possessing all the defects of that at e f m 
fig. 12. The desire for even surfaces — that is, the absence of all 



Fig. 14. 

projecting parts — would soon be created, and some method of obtain- 
mg this in the present instance would follow. Possibly the first 
attempt to have the horizontal piece at its ends either within the 
line of the vertical pieces in a a, h h, fig. 14, or in line with them, 
and what is technically now called flush,*' would be a simple system 
of notching.” Thus, as at a, in fig. 15, the end of the horizontal 
piece being shaped as at h, to go into the notch. In time this notch 
would be enlarged and made rectangular, to give better bearing 
surfaces, as at c, the end of the horizontal piece cl being formed to fit 
as tightly into it as possible. But while this forming of joints would 
keep the vertical posts, as a a^hh/vn fig. 14, fi'om approaching each 
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other or bending inwards, it would not prevent them from leaving 
each other or bendmg outwards. And if they did so sufficiently far 
the ends of the horizontal piece, as 5, fig. 15, would drop out of the 
notches, as at a, and the connection would cease. The joint at c 
would be better, as it would give the opportunity of joining the end 
d of the horizontal piece tightly into the cut or slot or groove c. 



Trenails, Keys, and Wedges, as used in Carpentry Joints 

Simple a contrivance as a ‘'nail'" seems to us, it is in reality a 
gi‘eat invention, and it would be some time before it was added to 
the thousand-and-one contrivances which the ingenuity of man has 
discovered and applied to aid him in his daily work and meet his 
daily wants. There is little doubt, we think, but that the wooden 
spike long preceded the iron nail, just as we know the era of timber 
construction came before that of stone, and gave birth to some of 
its contrivances and special features. And we can easily conceive 
of the idea of the spike or wooden nail having originated in some 
such simple way as passiug through a heap or mass of material, such 
as leaves or brushwood, which it was desirable to keep in one position 
while lying on the ginund, a long and slight and sufficiently strong 
stick. This passing through the mass and entering the ground or 
soil would obviously secure the mass, binding it more or less firmly 
to the soil.^ Or the idea of the spike may have originated in the 
desire to bind or keep together the mass of branches, twigs and 
leaves, etc., which formed the walls or enclosing surfaces of the early 
huts or hovels of our ancestors. By passing sticks through the 
In containing walls at intervals, it would be found 

that the mner surfaces and outer would be bound together more 
or less compactly. And it would almost immediately follow upon 
this, or a similar use of small or short pieces of timber, that they 
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could be more readily and certainly used if one end was pointed or 
reduced in thickness. Once the idea of penetration took possession 
of the mind of the constructor, many useful applications of its prin- 
ciple would follow, and bis earliest work in connection with Ms 
tilling of the ground to receive bis tiny crops — ^tbe first of necessity 
of all tbe arts — would give bim tins idea of penetration. Tbe 
wooden spike or ‘^trenail,” as in modern technical language it is 
called (which obviously was once written “ treenail, as it is literally 
a nail made out of a tree), would soon form a very common feature 
in timber work of all kinds. We have said that the joint, as at c d 
in fig. 15, would depend for its continuance in force upon the 
tightness with which the end d of the horizontal piece was jammed 
up into the cut or groove c. But as timber shrinks and swells — 
contracts and ex-pands, to use the technical terms — according to the 
dampness or dryness of the atmosphere ; in dry weather the joint 
thus secured by jamming up would loosen, and the connection between 
the pieces would cease or be weakened. But the spike or trenail 
would obviously come in here to serve a useful purpose. It might 
be used in the way as shown at vertical section of a post e e, fig. 15, 
the spike being driven in from the back, as at f, penetrating the 
end of the horizontal piece y. Or it might, be driven in from the 
sides, as at % in sectional plan of the post, at or two pins or 
trenails might be used, as at i and one driven from each side. The 
wooden “ key,” as it is technically termed, is another contrivance for 
keeping two pieces “jointed” well secured together, and frequently 
used to prevent the one piece slipping or being moved away from 
the surface of the other piece. Its use in this last way is illustrated 
in fig. 4 (ante, p. 8), given in the paragraph entitled “Eepre- 
sentative or Typical Borms of Joints,” where its position in each 
section, as at 6, is ' shown. The “ key ” is in tMs and in similar 
work a small block generally square in section, and of length equal 
to the “ scat ” or groove into wMch it is passed ; the length of the 
form 5 in fig. 4 (ante) being equal to that of groove d in lower 
diagram. G-rooves or scats are cut in the lower edge of the upper 
piece a a, and in the face of the lower piece as at d, and the “ key,” 
as hj being forced into the groove c?, the upper piece, as a a, is placed 
in position when the key h enters or is forced into the groove on its 
lower edge. A wedge is another form of key, and is so called from 
its tapering form. One form and mode of using it is shown in fig. 6 
(ante) at d d and i i. Many examples of the use of trenails, keys 
and wedges will be found in succeeding chapters, and also of “iron 
screw bolts ” and iron “ straps,” wMch are much used in modern 
work to secure timbers together. 
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Interpenetration a Distinguishing Charaoteristic of Joints in Carpentry. 

Allusion has been made in the preceding paragraph to the principle 
of penetration as one of great importance in the art of carpontiy. 
The pupil will perceive, as ho proceeds to (ionsider the matita* to bo 
given hereafter in this series of papers, how this pi'iiKtipk^, cither in 
its partial or full development, is concerned in nearly all the opiira- 
tions of carpentry. It is the vital princaplo on which ail joints or 
junctions of timber where one piece is connected with or supported 
by another piece chiefly depend. Some of the development's of this 
important principle constitute a series of problems the most inter- 
e.^tmg, as some of them are the most intricate, of what< may be 
called the “ geometry of carpentry,” (See the volume in iiiis norm 
entitled The Building and Machine Draugliisman,”) llio iirst, a,s 
it is the most simple of the practical methods of carrying out this 



Fig. 16 


principle of penetration, would in all likelihood bo the forming a 
hole or aperture, as in fig. 16, passing through from side to side, 
in one piece of timber, say a vertical post, as ”6 h. The horizontal 
piece to be supported, as c c, may bo passed through, as in se(^,tion 
of post d d, and it may be secured from slipping by the spik(j f, 
called^ popularly a ''pin,” or in technical phrase a "trenaiV’ or a 
" key might be used, passing through the post e e, <wid penetrating 
the horizontal piece as shoTvn. In place of nsing one long horizontal 
piece, resting it in the aperture in the post, in or about the iniddlo 
of its length, two short pieces will give the same result, one, being 
passed entered” is the technical phrase or term—* from one side, 
as at g-, the other from the opposite side of tho hole, as at h. 
They might stop short of meeting in the interior of the aperture. 
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leaving a space, as at i, between them; or they might have been 
brought in contact with each other, as at j. When so placed in 
contact with each other the one piece is said, in technical terms, to 
^^biitt” against the other, and the ends of each piece constitute what 
is called the butting face ” or surface. 

We have in preceding paragraphs given illustrations and descrip- 
tions of what wo have designated as ‘‘representative forms’' of joints, 
and of the probable way in which joints originated, or were invented. 
Before proceeding to take up the systematic consideration and illus- 
tration of the different classes under which the representative forms 
named are ranged, we deem it best to introduce here, as connected 
closely with what is to be given under this section of our work, 
some remarks, and to give a few diagrams illustrative of “framing” 
or “framework,” and of some points connected with its original 
introduction. And as preliminary to these, we preface them by some 
remarks on 

The Methods of Dealing with Timber, Trees, or Parts of Trees, in the 
Early Constructions of the Carpenter. 

Timber would for long be used in the “round ” (see volume in this 
series entitled “ The Timber Dealer ”), to employ a modern technical 
phrase still used to denote this the oldest employed of forms of the 
material. It would take some time before tools were so pex'fected that 
the round timber could be formed into timber with squared sides or 
with fiat surfaces. The tool for doing this would, in all probability, 
be the axe ; this followed by the adze, which is simply the axe v/ith 
its edge so turned in relation to the handle that it can be used for 
slicing off plates, so to call them, from the surfaces of timber in a 
way much more conveniently applied and more rapid in its work 
than the axe. The chisel would soon be invented, and its use for 
smaller work would soon be appreciated. The saw would early and 
for long be the great tool of the carpenter; for with it he could 
do almost every kind of work required, even for the more compli- 
cated and complete structures which would follow on the simple 
booths or huts of branches, twigs, and leaves. 

As construction improved, the value of Hat surfaces would be seen, 
if in nothing else than in the closer joint which could be secured 
than by the use of round timbers, which could only touch at one 
point in the circumference, leaving rounded or hollow surfaces on 
each side. This we roughly illustrate in fig. 17, in which a a shows 
the good joint formed by two flat-surfaced pieces of timber lying 
together. It is a narrow point only at which the two round branches 
c, can touch, leaving the hollow spaces e, 6, on each side. The 
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inequality of the joint is, however, still more clearly shown in looking 
at the sides or along the length of the bramdies, as at// and g g. 
Branches are often very crooked, and it would not bo an easy matt( 0 ‘ 
to find two branches so well matched that the hollow in ilie under 
side of a branch, as at A, could be filled exactly up with ilw. rising 
or swelling part of another, as at I Much more frequently woxM 



the case be as at // and g g, where hollow places — which would 
form holes — would be formed, as at/ h The infinitely better joint 
obtained by using two flat edged pieces straight in the direction 
of their length is illustrated at 1. 

The splitting of round timber, or of a branch, as a in fig, 2 {ante^, 
in two — in which operations the value of the wedge, as at driven 



by the mallet ” or hammer, would be early ascertained — in the 
direction of its length, would obviously give two flat surfaces, one to 
each half, as at cc and dd, fig. 18. By using the axe, the adze, or 
the chisel, the rounded side of the half-branch, as at a in fig. 3 
(emte), would be made flat also, and the first plank, as at 5, would 
thus be formed, Its breadth would be determined by the diameter 
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of tlie branch out of which it was cut ; its thickness by the extent 
to which the rounded side would be flattened down. The plank so 
formed would naturally have its upper surface of different breadth 
from the under, giving as a consequence sloping edges, as at c c, cZ, 
or e, fig. 19; to make the board ” or ^ plank” a perfect rectangle 
in section, as at /, so that its edges would be square to the surfaces 
or sides, the sloping part, as at cj e, would be cut off, so as to leave 
Uu^ edge vertical, as at h. 



Eig. 19. 


The Cutting up of Trees, or Parts of Trees, into Timber for the Early 
Work of the Carpenter. 

The uses to which flat-surfaced boards or planks could bo put 
would rapidly multiply as construction and the consequent desire for 
comfort demanded by many consumers progressed. And when saws 
could be made large enough and strong enough, they would be soon 
and extensively employed in cutting up or dividing in the direction 
of their length round timbers of such diameter as would give more 
than the two planks or boards which the method illustrated in 
fig. 18 would yield. This process is roughly illustrated in fig. 20, in 
which a d is supposed to represent the end in section of a tree or 
a large branch of it. By sawing down on each side of the central 
point, as a,t c c, d d, the plank or board of greatest breadth, moedd, 
would be got which the piece of timber would be capable of giving. 
By again saWing down vertically at various points, each remaining 
half, as a and h, so many boards, forming altogether a series of which 
e e,/ /, is a rough representation, would be obtained ; e e representing 
the boards or planks yielded by the pait those by the part 6, 
the central one g corresponding to c c d. Being cut out of a 
circular bole or branch of a tree, the edges would b^e more or leas 
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rounded, as at A, i and j ; these could be made square by cutting off 
across the dotted lines either by saw, axe, chisel, or adze. 

In like manner, when beams capable of either supporting or caiiy- 
ing heavy weights were required — as they would be as the desire to 
have larger and better structures increased — they could be cut out 
of boles or trunks of trees or of largo branches, somewhat after the 




fashion shown in fig. 21. We have alluded to the value of 
surfaces as being early discovered by the carpenter. These would 
be specially useful in the case of beams supporting heavy weigdits, 
inasmuch as they would enable the beams to bo placed in position 
much more securely than if their surfaces were rounded. In other 
words, a flat surface would better give what in modern technical 




Fig. 21. 


phrase is termed a good bearing surface’' than would a round, 
which would obviously present a rocking or rolling surface when 
lying on a flat place, technically now called a ‘^bed” or bearing 
place. The quickest way to get a beam from a tree or branch would 
be to cut or square off two sides only, as at a and c, fig. 21, giving 
two corresponding flat surfaces and two rounded edges as at h and d. 
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A square beam would be obtained with four flat sides by cutting 
or squaring off the four rounded parts as at ef g h. The reader 
will find at an advanced part of the present volume a method of 
finding tiie strongest section of a rectangular beam which can be 
cut out of a round bole or trunk of a tree. Further on, also, bo 
will bavc various diagrams given liim illustrative of ilio points which 
regulate the forms of beams calculated to support the greatest 
weights, and iiow the pressures exerted upon beams are measured 
and estimated. 

‘‘Framing,” or “Framework,” an Assemblage of “Pieces” or Parts of Timber 
in tbe Construction of tbe Carpenter. — Some Technical Points connected 
with the Subject. 

So far as wo have gone, wo have been concerned chiefly with the 
methods of joining timber together, in using and in cutting it up, 
and with explaining in conjectural fashion the possible way in which 
the methods wore discovered by the early workers in timber construc- 
tion. J3ut we have only incidentally touched upon what constitutes 
true “ framing.’’ By this term is meant an arrangement of timbers 
more or loss numerous by which with the least wcdght or bulk of 
material the stringent form can be obtained. This arrangement is 
called an assemblage, ” or an arrangement,” or oftoxi simply a 
framing” or fiamcwork,” and may take various forms, of which 
floors, partitions and roofs are those principally mot with, although 
there are numerous other forms, such as those irx scaffolding and 
framework used in the construction of public works, as harbours 
and other departments of civil engineering work. Of all of these, 
illustrations in abundance will be given in the course of these 
papers. The assemblage of any fi’aming is, as we have said, made 
up of a number of independent or separate parts joined or connected 
together; and to these parts the name of “members” or “pieces” is 
technically given. Those assume different positions, axid take different 
names — such as girders and beams, rafters, purlins, struts or braces, 
ties, king posts, and the like. Of all these also, and the joints used 
in connection with them, the pupil will find ample illustration in 
succeeding sections. 

In endeavouring to trace the gradual progress of the art of 
carpentry in one of its leading departments, the pupil will very much 
have misconceived our aim if he supposes that we have been giving 
what may he considered as matter which is merely inteiesting, or, 
as some may even consider it, only amusing. It may be this ; and 
we are so far from objectixig to any study being so lightened up 
that we would, on the contrary, advise all young students 'to uso 
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such legitimate means as judicious amusement affords to lighten 
and instruct them in its necessarily dry details. But if what we 
have said be amusing to some, it is something, and designed to bo 
something, much more than this. The pupil will have read to lii.tlo 
purpose in the direction in which we have designed to lead hinx if ho 
has not perceived the practical aim of what wo have given, or has 
failed to gather from it much information of a thoroughly useful 
character. Whether the conjectures we have given in precetling 
paragraphs, and are about to give in those to follow, be more or less 
accurate, or altogether fanciful, they actually embody some of the 
most important principles of the art of carpentry, the fuller expo- 
sition of which will be found in succeeding illustrations and descrip- 
tions. And if our conjectures as to the details of progress, or what 
was likely to be in early practice, appear to him to be feeble, or to 
possess no force at all, we should recommend him to endeavour in 
somewhat similar manner to our own to conceive for himself such 
steps as would probably be taken by the first workers m timber. 
This will possess more than the mere advantage — though that in 
itself is worth something — of ministering to the intellectual training 
which the habit of thinking out for himself the different points of 
the art is calculated to give ; it will moreover aid him greatly in his 
estimation of the principles upon which that art is founded. 

We have said that we have not as yet considered closely the 
subject of ^'framing,’' purely so called, and the meaning of which we 
have but just generally described. In much the same conjectural 
way we have followed, or attempted to follow, the progress of the 
art in two of its departments, we shall now attempt to follow it 
in this the most important of those. And here we shall be, if not 
disappointed, much mistaken if the pupil does not derive some 
practically useful information as to the leading principles upon 
which all framing is constituted. 

Gradual Bevelopmeut of the Art of Designing and Constructing framing or 

Framework by the Early Carpenters.— Simplest Elements of Farming 

The knowledge of those principles would naturally be a matter of 
slow development ; and the first or tentative attempts to erect struc- 
tures of timber possessing the greatest strength to resist opposing 
pressures or sustain heavy weights, would gradually lead up to a 
study of the reason why certain arrangements of pieces of timber 
gave greater strength to the structure than other arrangements. In 
this, as in other of the mechanical arts, the practice of certain con- 
trivances would precede the principles, and these would only be 
deduced from the simple practice when men had further advanced 
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in iniellectnal analysis and syniheds, or in what is called scientific 
reasoniag ; and still hi^dier dovelopmonts in practice would load out 
from still dec^pcr study into the application of the iirst or eltmaaiiary 
principle which pracdioo wouhl display. This pracitico would, in one 
sense, be forced upon the (uirly workeivs in timber from tho mere 
necessities of their position. 'Idioy would fool that thoir growing 
wants and tho claims of a higher civilization demanded, if not more 
and more elaborate, certainly stronger and still stronger structures. 
Nor would these wants and claims bo altogether of the class which 
some think alone constitute true civilisation. Man has boon defined 
as a fighting and a quarrelsome animal, sharing in this way with the 
brutes a capability of indicting suHering and loss upon his neigh- 
bours. And as ill weeds are said to grow apace, wo may very 
reasonably conclude that warfare, in one or other of its many more 
or less but always too d(}cided forms, afforded a much earlier impulse 
for tho timber worker to give strong structures for defence, or strong 
appliances for offence, than any necessity arising from the pursuit of 
greater and more humanising inlluences. Tho mechanical arts have, 
as a rule, showed many of thoir host and earliest developments in 
connection with what is called tho art of war. Hence trenchant 
sword-blades were common long before domestic knives or scythes 
for tho grass-mower wore met with, and spears received more of the 
attention of the artificer in metals than did pi-uning hooks. And 
as the best materials and the finest workmanship were given by the 
metal artificer to tho implements of warfare, so was it, wo may 
reasonably conclude, with the worker in timber. Ho would for a 
long time be much more frequently called upon to design and con- 
struct a strong structure for defence in war than he would be asked 
to rear a strong yet comfortable house for time of peace. 

Wo may reasonably conjecture that the first element of a piece of 
pure framewox'k was obtained in the way illustrated at 6 c c^, fig. 22. 
We may suppose tho post a 5 to be one fixed by being made to 
penetrate tho soil or ground, that part of the post or stake being 
pointed, as shown by Sxe dotted lines. It was desired that the post 
so far firmly fixed by its hold or gjip of the soil should bo capable 
of resisting any attempt to make it swerve from one side to the 
other. We may suppose that whatever pressure was likely to cause 
this elevation from the vertical would come from the side and be 
represented by tho arrow e. A veiy slight knowledge of the way in 
which a pressure was put upon a post so placed, and of that in 
which it would bo best rousted or neutralised, would give the sug- 
gestion of propping it up — ^to use the popular phrase- — by putting a 
piece, c in tho position shown in fig. 22, one end pressing against 
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the post, as at c, the other pressing on or penetrating into the soil 
at d. The simplestjway of securing and keeping up the connection 
of the end c with the face of the post, a h, would be to notch the 
post, as at /, slightly tapering off the end c of the prop c d, as 
shown at g» This arrangement would dispose of any force in the 
direction of the arrow e ‘^pressing” on one side of the post, or 



''pulling” on it in the direction of the arrow h from the opposite 
side. To oppose a pressure on a post, ij, fig. 22, “pushing ” in one 
direction, as shown by the arrow k, and another “pulling” or hauling 
in the opposite direction, as indicated by the arrow I, a repetition 
of the contrivance adopted at c d on the opposite side of the post 
would so far meet the case. It is, of course, obvioms that much of 
the capability to resist any of the pressures here named would 
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depend upon tlio wirongth of the prop 7n or n. If weak it would 
bend, and possibly break. The early workers in timber, liowever, 
would b© careful to use timber strong enough, and this w© know 
they did from the examples of carpentry which have com© down to 
our time in old buildings. But strength alone would not secure the 
prop doing its work, or rather performing its ollice properly. "We 
have alluded in preceding paragraphs to the value of the pidnciple 
of penetration/^ and the importance of bearing surfaces.'' But 
while valuable in one direction, penetration is a source of loss in 
another. While it is obvious that the end d of the prop c d, fig. 22, 
would have a good position or anchorage given to it by being inserted 
in the soil, it is equally clear that under prossuro put upon the prop 
by any force ‘^pressing" in the direction of the arrow at e, or ‘^pull- 
ing " in that of the arrow A, it would have a tendency to ponei-rato 
deeper into the soil. And the further the point I sank then, the 
more the point c would yield, and the greater would be the swerving 
of the post a h from the vertical or its strongest position. 

Technical or Practical Facts learned from the Foregoing Illnstration. 

We have alluded to bearing surfaces," — and as to their value the 
early workers would learn somewhat from theii* experience in carry- 
ing out such a contrivance as that illustrated in llg. 22, at a 5 c d. 
It would show that more strength woxxld not enable a member, such 
as a prop, to fulfil the duty expected of it. Neither woixld the 
accuracy of its position in relation to its connected members. They 
would soon find that something more than those two otherwise 
essentials would be required. They would find this to lie in the 
having a good point of resistance, and in this they would see also 
the value of the bearing surfaces we have alluded to. Still following 
out the conjectural style of inquiry we have liitherto adopted, and 
which, as w© have endeavoured to show, is likely to give the pupil 
many practical suggestions, we may conceive the following to have 
been the experience of an early timber worker. In erecting the 
arrangement or assemblage of timber illustrated in ah o d, fig. 22, 
he found that on first inserting the prop edit appeared to strengthen 
or support the vertical position of the post a h. But as the pressure 
was brought to boar upon this which we have supposed to be exerted 
in the direction of the arrow e, he found that somehow the post 
continued to lean towards the arrow k, and on examination he would 
find that this happened precisely as the end d of the prop c d sank 
deeper and deeper in the soil under the pressure communicated to 
its upper end c, where it was connected to the prop. The pressure 
on the post still continuing, he would at one point see that it was 
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now able to resist it, and tkat it remained steady with no jnciination 
to move in tbe direction of arrow A. Curiosity rightly directed is 
a valuable characteristic in man, and is one of those faculties with 
which he is endowed, which, when it is judiciously exerted, has 
enabled him in times past and still enables him to push inquiry till 
valuable discoveries are often made; and always at the least, at all 
events, to obtain much valuable infox-mation. Apinst a vain and 
idle curiosity we need give here no word of warning, as wo trust it 
is unnecessary in the case of our readers. This feeling of curiosity 
we conceive as prompting the early worker in timber, in the cireum» 
stances named above, to try to ascertain how it was that the pri‘ssur(i 
tending to bend or force aside the post a 5, fig. 22, was at last 
arrested. To gratify his curiosity, then, we suppose him to havij 
scraped or dug away the soil surrounding the end of the prop, in 
order to lay its extremity bare. In doing so ho found that its 
extreme end was pressing against a stone, with which it had acjci- 
dentally come in contact. Correct curiosity leads generally to inquiry, 
and inquiry to conjecture, and this is put to the test of practice ; ho 
therefore put more pressure upon the post, and found that this 
caused pressure on the stone. Further investigation led him to 
discover that this pressure caused the stone itself to ^^givo^' or 

yield,” and to sink into the soil more or less easily ; and this not 
in a direct line, but more at one corner than another. This ho 
found arose from its shape ; and at last a gleaming of the fact came 
into his mind — ^that the larger the surface or tho flatter the stone 
the better is it able to resist the pressure. Further, that the position 
of the point of the prop c d itself in relation to the stone surface on 
which it presses aidects favourably or otherwise the capability of the 
stone to resist the pressure of the prop. 

We concluded the last paragraph *by referring to the use of a 
flat stone as a surface for a piece of timber to bear oi' press upon, 
and stated that independently of the value of its extent of surface, 
the relation which that bore to the position of the bearing point of 
the timber prop was an important element in the arrangement. For 
if the prop was pressing on one corner of the stone, this capability 
was lessened, and the nearer the end of the prop approached the 
centre of the stone, the better able, so to say, the stone became to 
resist the pressure of the prop. 

In the form which we suppose to have been his first attempt to 
use— namely, an arrangement like the one in fig. 22 (p. 149), at 
ah c d — ^we are considering Hhat the end d of the prop c d rastorl 
or pressed against a very hard and stony soil, difficult to penetrate; 
its capability to resist penetration of the prop being greater than the 
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pressure put upon it tending to force it or make it penetrate the soil. 
Putting the two experiences together, the early carpenter would see 
that if he wished the prop to perform its oilico ho would require 
to give it a resisting surface to press against, and that, the softer 
the soil, the bioader that sui-faco must be, to enable it to resist the 
pressuie put upon it — the mere extent of surface aiding its finding 
the most solid bed.” 

The early worker would thus receive two lessons of importance in 
the art of constructing timber- work : one would bear on the truth 
that by increasing the surface of any resisting piece or point, pressure 
would be distributed over a larger area, so that a mateiial which 
would not bear a certain weight without giving way if that weight 
was applied over a very small surface, would be found to bear even 
a much greater weight if the pressure which that weight exerted was 
spread over, so to put it, a larger area. The second lesson he would 
learn would be that much of the value of a good bearing surface 
depended upon the way in which the pressing piece, as the prop c d, 
was connected at its foot d with the resisting member, which we 
have supposed to be a stone ; and that it would require to be so 
made that it would not readily slip away from this. Ho would soon 
see that in cases of soft soil a fiat piece of timber with large bearing 
surface would be as valuable as a resisting point as a stone would 
be; and that the timber would give readier facilities for forming the 

joint,” so to call it, at the part where the foot” of the prop od 
was connected with the bearing surface. Another lesson learned 
would show how pressure put on at one point in the assemblage or 
framing of timber was communicated or led to another member, and 
how this would, in some way or another, regulate the relation which 
the members bore to one another. A fourth lesson, and of the four 
the most valuable, if this could be said where all were valuable, 
would be the use of timber when under certain circumstances placed 
on the slant ” or oblique.” The value of this principle of diagonal ” 
or angular position would soon be perceived practically in relation 
to vertically and horizontally placed timber, in which position only 
the earliest timber workers used their material. 

Further Developments in the Art of Designing and Constructing Framework in 
Timber. — The “ Truss the Essential Element in all Sound Framing. 

We do not say that the early worker in timber would be aware 
of the fact that he had thus learned important lessons in his art. 
Quite possible is it that he might simply accept, as a matter of 
course, the facts he could not help seeing, so to say, and would, 
without further thought about them, and made thus aware of the 
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value of the practice, continue to a,dopt it in his future work. ITo 
or some after-worker, possessed of a thoughtful mind, might I'Ciaily 
appreciate the lessons learned, and in thinking them out might 
deduce a theory of his own, expressing the reason why or the cause 
of the practical result of the arrangements adopted. Practice, w(^ 
may rest assured, would long precede theory, and nearly all steps in 
advance Thus, although the arrangement or assemhlago of timhiu* 
in fig 22 (p. 149), at ij m n, would bo found by the caaly worker to 
be, as in reality it is, the strongest possible combination within the 
reach of man ; it by no means follows that he who first hit upon its 
conception — or rather we should say discovered its utility— could or 
would be able to give a reason why it was so valuable. Wo have 
endeavoured to show, indeed, that the arrangement might bo acci- 
dentally discovered or be led up to by a senes of natural stc»ps, which 
we might say, with some truth, the early worker could not, as it 
were, avoid making, this being done, as it were, intuitively. 



The arrangement or assemblage at ij m fig. 22, is in point of 
fact what in the art of carpentry is called a truss,’’ and in it, oven 
in this the rudest or most elementary stage, all the elements of a 
well-designed modern roof (truss) are illustrated. The groat prin- 
ciple which the truss” exemplifies is the designing of arrangonuiuts 
of timber composed of horizontal and vertical timber only, and which, 
therefore, are rectangles, either square or such m ah c d, in fig. 23, 
so that the anangement of the pieces or members give triaiigles, 
by the simple addition of an inclined piece or diagonal” membe’‘\ 
as^ e. This forms two triangles, as a ceh^dc eh; or four, as tlm 
triangles f, i, g, and h, by the addition of two diagonals, f and 
between the two vertical posts, j I, km, and the two horizontals/^’* 
I m. But although assemblages or arrangements of timber in whitdi 
diagonals were introduced, cutting up, so to say, the old or original 
rectangular forms into triangles,— thus giving the strongest of all 
forms, ^would be long followed, it is by no means to be concluded 
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that the reason why” this triangular arrangement was so strong 
would be understood. We conceive it to be a very probable thing 
that it was only at an advanced stage of educational civilisation, so 
to term it, that some thinkers, taking the forms of timber arrange- 
ment which practical workers had long adopted, deduced the thcoiy 
of the truss. And we may rest pretty well assured that it was only 
by a series of tentative trials or of lucky hits that the full value in 
practice of the principles we have endeavoured to explain became 
known to timber workers. 

Furtker Illustrations of the Principle of Diagonal Adjustment of Members or 
Pieces of a Timber Framing.™ Strutting or Bracing of Timbers. — The King* 
Post Truss. 

We have thus illustrated one or two of the earliest applications 



of the diagonal member in framing — we show one or two more in 
hg. 24. The piece a h, projecting from the face of a rock or bank 
of earth, or a wall h c, is made capable of resisting greater weight or 
pressure put upon it by adding the prop d, as in like manner the 
piece / g is made capable of resisting pressure by the addition of the 
prop p, and the piece h i, which we may suppose to be a trunk of a 
tree thrown across as a bridge, an opening, or void,” between the 
two cliffs, as hj, i h, is, strengthened by the two props I m. 

We have said that the assemblage of timber in fig. 22, at ig m n, 
illustrates all the parts of a modern roof truss of the class known as 

S 



U ti!e CAKPENTER AED his I’ECl-midAL W0B1{. 

a '' king post ” and '' roof,” and iliat tins gives tlie strongest combi- 
nation "of timber. The pressures” are so ‘‘distributed,” and are 
“communicated” or led in such directions, tliat tliey are all concen- 
trated, so to say, at tke points of greatest resistance. Thus in tlie 
case of a simple or rude form of a roof truss, a h c (fig. 25), tlie 
pressures are thrown upon the walls, /, /, and consecj[uontly an 
assemblage of timber can be designed which can be thrown across 
a “ void ” or opening, as J'J'y as in the case of an assemblage as at 
g hi y, which may represent a partition stretching across the void 
h of an apartment or space, Trusses may be, ancl are, as we shall 
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see in succeeding illustrations, of various forihs ; but in all of them, 
by the use of diagonally placed timbers, triangles are formed. 

Technical Terms applied to the Individual Members or Pieces of 
Timber Framings. 

We have called hitherto the piece or member, c d, in fig. ' 22, a 
prop. This is a popular term for it; but it became, and is still 
distinguished in technical carpentry phrase, as a “strut” or “bi^ace.” 
The technical name for the member a 6 is still, what we have as yet 
called it, a “ post.” Used in a certain way, a post so placed becomes 
a column, pillar, or standard. The member, as A z, in fig. 24, is 
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called a beam, i£ of comparatively largo >scclionj of tlie larg(ssi, it i\s 
termed a girder.” 

In a framing thrown acims — or '^spanning” as the tcclmicuil plira,3o 
is— a void or open space,// (fig. 25), as between two walls, the beam 
is called specifically a ^Hio beam.” And although inclined, as at c d, 
in fig. 22, the inclined pieces ac,h c (fig. 25), are not, as in fig. 22, 
termed struts or braces, but “rafters.” In a king-post roof truss, as 
in fig. 25, at ah, c d, e e, other members placed diagonally supporting 
the rafters at a certain point in their length are piac;ed as shown at 
the dotted line d. Timbers so placed in a truss are then called struts 
or braces ; the vertical post cd is called a “ Idng post.” 

We trust that the reader who has done us tho favour to road tlio 
foregoing matter will have obtained not a little information on the 
strictly technical points of the art of carpentry, and a fair idea ol 
some of the leading principles upon which it is based. This will 
be all the more clearly perceived as he proceeds to tho consideration 
of the various departments which, will form tho subjects of snccooding 
chapters. 

Iron used in the Construction of Framing generally considered as belonging 
to the Work of the Carpenter. — Present and Future Use of Timber in his 
Construction. 

It IS scarcely necessary further to allude to the development of 
the art of carpentry in the later phases of its liistory. Sufiice it to 
say thafi up till a comparatively recent period timber was tho material 
employed in the construction of every kind of framing, and that some 
of the best examples were shown at periods of European history 
which some are disposed to think were, as they are generally called, 
the dark or middle ages. Of these ages, however, it may ho truly 
said that they tended at the least to conserve or preserve arts whicli 
would otherwise have died out, and their reproducing or re-invention 
been necessitated. It is only within times comparatively, or, as may 
with truth be said, absolutely recent, that timber in the construction 
of a wide variety of framing has been superseded by iron. At first 
the form or variety of this metal chiefly used was that known as 
“cast iron.” Then followed the superior material, wrought or mal- 
leable iron ; and this latter, so long used and so valuahlo, is now 
being gradually, if not quickly, supeiv^edcd by stool. 

But although those metals have been largely tisod and are si ill 
used for the construction of framing, to the exclusion of timber, ila* 
at one time universally employed, and indeed only available malerial; 
still there remains, and will, so far as wo know, long remain, a widc^ 
field for the employment of timber in the largo works in which il 
proves so useful. As a rule, iron and stool are employed only for 
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the large — in many instances, vast— structures or framework of civil 
engineering, as bridges, viaducts, in railway work, oic?., etc. But 
for the wide variety of roofs, partition floors, etc., etc., used in civil 
architecture, as churches and public buildings — and in domestic 
architecture, as in houses, rural structures, and the like — there is 
still a wide field for the exercise of the skill of the carpenter, and 
which will long demand the use of the material in wliich he works. 
Even, indeed, in the large structures we have alluded to as coming 
within the domain of the civil engineer, in which ho uses wrought 
iron or steel, he finds the services of the carpenter, with his timber, 
absolutely necessary. In this the heavier material possesses many 
advantages for what may bo called the foundation framing or 
scaffolding by which and upon which he raises his superstructure 
of iron and steel. 

Carpentry, then, still remains an important branch of technical 
work, for which there will still be a wide field in which those who 
follow it will be able to display their skill in execution and their 
ability in design. That this will he so for a long time in our own 
country is beyond a doubt. The uses to which timber in tlio large, 
as contrasted with it in the smaller ‘^scantlings'^ or sizes used in the 
sister arts of joinery and cabinet making, can be put are so numerous, 
and the ease with which it can be adapted to various combinations 
of design so great, that for long time to come at least carpentry will 
he one of the most important branches of national industry. But if 
timber be less used now than it formerly was on the continent of 
Euinpe — and it is chiefiy in the more gigantic works of the civil 
engineer that it has been superseded by iron and steel — in the 
continent of the Kew World we find it is used on the most extensive 
pale. Throughout the United States of America, specially, and even 
in our own great colonial possessions in Canada, not merely do we 
find it used universally in all works of the architect and builder 
of civil and domestic structures, but we have an almost endless variety 
and number of examples of the adaptation of timber to the more 
gigantic and complicated structures met with in public works, alike 
on the road, the river, the sea margin, and the railway. If this 
feature be less marked in our other colonies, such as on the Australian 
continent and in^ our colony of Hew Zealand, and our still more 
important possessions in India, even there timber is lai'gely used iu 
construction. And this is likely to be the case for long, for timber 
is abundant to a degree of which those who have not a personal 
knowledge of those countries have not even the slightest idea. And 
this work, in the pages of which these chapters on the art of the 
carpenter's work will appear, although perhaps more especially 



THE CARPENTEli AHD HIS TECHNICAL WOKK« 


37 


designed to meet the wants and wishes of the large and most 
important body of technical workers in our own island home, nover- 
theless addresses itself to their brother’s in skill and biiKinoss energjr 
in all countries, however distant, in all our colonies, however remote, 
in which is spoken and road the “ grand old English tongue in 
which Shakespeare wrote and Milton sang. So that for those pampers 
of ours we have a wide circle to address, a numerous clientUe to cater 
for. And although as compared with some of the branches of our 
technical trades and arts, the branch of technical work wo in these 
chapters are now concerned with may not possess all the features of, 
shall we say, popular interest still we can safely claim for it that 
of a special and a truly scientific one second to none. Apart from 
its practical details, always interesting and suggestive, scientific 
theories, or rather, as we should say, principles, are concerned and 
mixed up with it, which in many departments are specially applicable 
to other branches of technical woik in which mechanical construction 
is a marked, if not the only distinct and special feature. Whilo, 
therefore, we do not wish to overestimate the importance of the 
subject of those special chapters, we believe it to possess or cany 
along with it practical work and scientific considerations of a high 
value. And if, in addition to those who have a special and direct 
interest in its operations, as forming the work of tlioir daily lives, 
we can impart to others who have not merely a general desire to add 
to their acquirements, but what is called a taste for mechanical work, 
some interest in the work of carpentry, we shall be abundantly 
rewarded for such labour as the preparation of our chapters has 
entailed upon us. It is well when the work we have to do can ho 
claimed as a labour of utility ; it adds a fresher ssest to that work 
when it comes under the category of a labour of love. 

Varieties of First Class of Joints — Square Joints. 

We have in the preceding paragraphs presented some I’emarks and 
illustrations connected with the use and cutting up of timber, the 
representative joints by which pieces arc secured one to another, and 
with the elementary points of framing or of framework. Erorn those 
the reader will have gleaned some idea of iJie first principles of the 
art, and will be prepared now to take up the systematic consideration 
of its various departments, of which the first will be those of joints, 
beginning with that illustrated in fig. 1, which we have already given 
QfS one of the representative joints. In this the piece a a (fig. 1, atbte)^ 
supposed to be lying horizontally, as, say on the giuund soil, forms 
what is technically called a sill,'^ which is very likely to he a more 
corruption of the word sole, or base. This term, further and more 
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specific iliustratioii of which will bo given hereafter, is often spelt as 

cill/’ but if our derivation be corrocjt this is wrong, and the other, 
and we nay say perhaps the more usually adopted mode of spelling 
the word, with an s, is the right omi. To the sill (c i,he vertical 
piece b is to be joined The simplest method of oUbcding the juiu'tion 
would be merely to rest the end of h upon tlio face of a> a. In this 
case its mere weiglit, on the principle of gravity, or the prossuui 
exerted by any mass of material supported or carried by the timbei' 
(h), would have to be trusted to to koc‘p the piece h in its position as 
placed in a a. This simple method is still often adopted in the 
practice of the present day, but it is needless to say only in ca-ses 
where the pressure is great which is exerted on the piece (^), and 
that pressure only in a vertical direction or parallel to tho axis of 
the piece. By tho term ^^axis^of a piece of timber is mesani an 
imaginary line which passes through the centre of tho piece. If it 
were circular the axis would pass through tlio centre; if tho two 
ends were square or rectangular, through the point of intersection of 
two diagonal lines drawn from opposite corners of tho sexuaro or 
rectangle. 

If the simplest of all the methods of joining piece bio a a above 
described were adopted, the efficiency of the junction would obviously 
depend upon the condition in which tlie two joining surfaces were. 
If the surface of a at the point or place of junction were iinovon, 
or if this were the case at the surface of the end of i, the inequalities 
of surface would prevent the whole of the two surfaces touching each 
other. The one piece at h would clearly rock ” from side to side 
exactly as it was moved, and this evil would be all the more pro- 
nounced, not merely m proportion to the unevenness of the surface 
of either one or the other; if both surfaces were unequal. The joint 
here supposed is one in which the one piece a h merely presses against 
the surface of the other at a a ; and the piece h is said technically to 
^^butt,” this term being obviously a corruption or rather a com- 
pression or shortening of the term abutment.^' Tho point of 
junction at c is technically called the ^'seaf of the joint, or the 
actual place or position which the joint end of tho piece occupies in 
the other. 


Analysis of the Foregoing Joint. 

To gain the full efficiency of the simple joint at c, fig. 1, it is obvious 
that the seat” must be such that the whole of the meeting surfaces 
shall be perfectly straight and flat, or even, in other words, be free 
from all protuberances, which, existing on any surface, cause of 
necessity corresponding hollows or depressed parts. Hence a require 
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ment in all carpentry work where jnnctionB are to he formed between 
its members — a test of the carpenter’s ability as a handicraftsman— 
is that he makes his joints perfect in snifaco. When so treated, 
they are in technical language said to bc^ “well and truly wrought” 
or worked, although in specihcations of work to be done the word 
wrought is generally employed. But on the supposition that the 
“seat” G of the simple joint -now under consideration is correct, or 
that the two “ butting ” or meeting surfaces are “ well and truly 
wrought ” by the handicraft Ciirpenter, their junction would only be 
maintained if the pressiu'e on h was vertical. Any pressure exerted 
upon the <^foot” of the piece h near the seat c in the direction 
indicated by the arrows d, c, or in an opposite direction, would 
clearly tend to push the foot of b away from the seat, causing it to 
slide along the surface of a either to the right from pressui'o in 



Eig. 26’. 


direction of arrow d, or to the loft if much pressed in the opposite 
direction. 

The young reader must not suppose that we are needlessly extend- 
ing or elaborating our description of this illustration in hg. 1. We 
are on pimpose going fully hxto it, and before we can finish with it 
we trust that the pupil will be able to gather from it certain prin* 
ciples of or points in construction which will be of practical utility to 
him in his more advanced study of the art and fcienco of carpentry, 
and those being understood by him at this the earliest stage of it, 
will not have to be repeated by us in illustrating and explaining 
the various forms of “joints” in use, as these principles affect all 
combinations. Indeed, it is only by comprehending them thoroughly 
that the pupil can see tho object which a partieiilar joint has in view 
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—its mison dJUre, as the French plirase has it — ^^vhich, truly trans- 
lated, means its very right to exist or to ho. 

Still keeping under consideration the simple ^Mjutting’^ joint of 
the pieces a a and h, lig 1, ante, p. 11, we can conceive that the 
piece h might be subjected to pressure in directions other tlmn those 
indicated by the arrows d, e. In a a the piece is supposed to be 
lying on the flat, so that we can only see, when looking at it directly 
and on the same level, the side or edge of it. This, as in a a, is called 
a ‘^side elevation” in the language of what we may call technical 
drawing as different from that known as pictorial representation. 
Let us suppose that we are now looking vertically clown upon the 
piece a a from a point above the upper termination of the piece h, 
and in a direction coincident with its axis or central line. If we 
put on paper a technical view of what we see in thus looking, we 
have what in architectural and engineering drawing is called a plan 
of the pieces a a and and this is shown in hg. 1 at//, which is 
the plan of the piece a a, g being the end of the piece 5. To make 
the distinction between the two pieces more obvious, we have lined 
or hatched” the plan of 5, which gives it in what is called a 
“section” or “sectional plan.” The pupil will from this sketch 
see how pressure may be exerted upon the foot of h in directions 
other than those indicated by arrows at d, e, as in that of the 
arrow h. 

The next form of joint which we may conceive the early workers 
to have made is illustrated in hg. 26, it being very likely suggested 
by their previously well-known experience in fastening vertical posts 
by simply pressing them into the soft, or digging a hole in hard, soil, 
inserting in this, and then securing it by means of softer soil rammed 
round it, or by putting in stones to act as wedges. In process of 
time it would be required in some work that a piece lying horizontally 
{a h, fig. 26) should support a vertical piece (e d). A hole, either 
rectangular or square, as at o o in the piece in fig. 1, p. II, vol. i., 
would be cut in the piece a h, and the end of e d, fig. 26, simply 
passed into it, as shown in the section to the right at top of figure. 
It might have been desirable to have the piece g penetrating as little 
as possible into the piece ef, or to have avoided cutting too much 
out of ef, as shown at a b, and thus weakening it ; this would be 
done by cutting the end of piece g so as to leave a projecting part, 
as at A, right across the breadth of the piece. Ly cutting a groove 
near the end of the piece e / as shown in the plan at y in i i, 
and in the lower diagram in section, the piece g could be slipped 
with its projection A into the groove, as shown in longitudinal 
section to the right of the lower part of diagram at / 7?//. 
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Simplest Form of tBe Mortise and Tenon Joint. 

This would be the origin of the ^‘mortise and tonon joint/^ of 
which we give an illustration in front and side elevation in fig. 27, 
and m details in fig. 28. In fig. 27 a h c (I shows the lower or 



Fig. 27. 

horizontal piece in section or end view, with the upper or vertical 
piece 6 /joined to it by the projecting piece at the end of the piece 
e f going into a slot or hole cut in the piece a b c (l--g h giving the 



Fig. 28. 

thickness of the piece, and the breadth being equal to the breadth 
of the piece so shown in side elevation at e'/', a' h' being side view 
of piece abed, Tho part g h, cut at the end of the piece ef, is 
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called the “tenon’'; the aperture made in the piece a b g din called 
the “mortise” or “mortice.” The depth of the “tenon,” as I j, %. 
28, is generally equal to the depth of the j)iec(‘-, as a h g d, to whicjh 
it is joined, and the thickness or width oi the “ tenon,” as ji e, is, 
when well proportioned, about one-tlnrd of the widbli of the ])i(n*n, 
j liD 0 shows a side view of the piece of wliicli otv n u t is the edge 
view, i q s being the plan of the end of “ tenon ” as it is looketl 
vertically down upon. 

Practical Points connected with the “Mortise and Tenon” Joint. 

The mortise aperture, or hole cut in the lower piece or member, 
should be of the shape and of the dimensions of the tenon fornu'd 
at the end of the upper piece, which is to lill it without leaving any 
space round it. The thickness of the tenon should bo equal, a,s wo 
have said, to the third of that of the piece of wood into wluch it is 
put, in order that it may have suilicient strength, and tliai/ the pi(*ce 
out of which is hollowed the mortise into whicli the tenon must 
enter may not be too much weakened by any considorablo loss of 
wood. The depth of the mortise, which should bo equal to the 
length of the tenon, is generally two-thirds of the thickness of the 
piece out of which it must be cut ; in any case, it should not (^xceod 
three-quarters of this thickness, above all when the piece which l)cars 
the tenon is to be placed upright. The illustration fig. 28 sliows^ a 
frequent exception to this, as the mortise goes right through the 
thickness of the piece. The object of leaving a part of the piece 
uncut in the lower member ah g d, fig. 27, is to give a good butting 
sound joint to the end, as w, of the tenon. The pai*ts i j and o, 
which are on each side of a mortise, fig. 28, and which should have, 
like the mortise, the third of the thickness of the piece of wood, are 
called the “ shoulders ” of the tenon. When the tenon is sunk or 
driven into the mortise, the shoulders (as ij, fig. 28) of the tenon 
should touch the face or cheeks of the mortise ; the pieces are then 
fastened by one or two wooden or iron pins — generally wooden. 
These bolts should be placed so as to penetrate the cheeks and the 
tenon, passing through the middle of the length of the latter. If 
one does not wish to put in two pirns or trenails, wo divide the width 
of the tenon into three equal parts, to retain siiificient space of solid 
wood round the pinholes, and so secure for the tenon the greatest 
amount of strength. 

This joint has all the necessary solidity only when the tenon is 
driven forcibly into the mortise. When the tenon works loose in 
the mortise the joint is very soon destroyed by the strain to whicli 
it is of necessity subjected. It is obvious that the pins which help 
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to keep iogoilier a joint add nothing to its solidity. To make this 
joint, wo commence hy drawing curefnlly on the two pieces which 
are to bo joim^d liiK'S which shall determine the shape of the tenon 
and the anortiho, so that wo mny take away only tlie useless wood, 
and sRccicaul in ea,sily making the tenon and the mortise of equal 
sizes, and perfectly true to one another — the latter m the form of 
a hollow or pa.rt cut out, the former (tlio tenon) as a projcctio]i. 
Wo shall now ])oint out the way in which this outline is to be made, 
commencing with the tenon : — Lot a h c etc., fig. 28, be the piece 
wliicli is to have the tenon ent on it : draw, at a distance from the 
end of piece e(|ual to the length of the tenon, a lino a h parallel to 
G d : divide ahoted into three equal parts in points g taken on 
iho width of the piece (that in the middle, as g h, e f being reserved 
for tlio tenon) with a saw, and following the line a 6, cut the wood 
to g. Do the same on the surface h h, cutting to h ; cut away the 
pieces a g e c and f h b d by sawing on the lines e g f h, and we thus 
form the tenon. 

Cutting out of Double Tenon — Cutting out of Mortise. 

To form a double tenon, divide the width h c (fig. 2, ante) of the 
piece of wood into five equal parts — cg7h ij f — instead of three, as in 
fig. 28, and give one of these five parts to each of the tenons, as g h ij, 
taking or sawing away the two outside parts, as c 6 / c, similar to 
those of the simple tenons, hlext cutting out the central part h i, 
we form two projecting parts, each of which is a tenon on the end of 
the piece a efd,hs shown in cross section at v w. The plan or upper 
face of the lower piece, in whicli the mortises are cut, is at m ; the 
lines giving the breadth, as ^ r n p, ol this being taken down from 
the side elevation, as shown by dotted lines from points, as h 1. The 
length of the mortise, o n ov p q, is, of course, equal to the thick- 
ness of the piece, as g, bearing the tenons, as at b u, which is a side 
view of tenon ; x x being part longitudinal section though tenon and 
mortise. 

The cutting out of a central part, as h i, fig. 2, ante, to form the 
void space, as between the two tenons v and w, cannot be done wholly 
with the tenon saw, as at the lino h L The lines, as i h, are first 
sawn down to the points h and i, and then holes axe bored with the 

brace and bit,'' as at r, s, fig. 29. Those holes go through the 
whole piece, so that by striking the piece with the hammer or the 
mallet it can be easily detached, as there is but very little solid wood 
between the holes r, s, fig. 30. There then remains nothing but to 
square or face up tlio sawn or rough surfaces of the two tenons, a!s v 
and w, fig. 2, ante, 
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In making a mortise when the tenon is already made, we commence 
by making fast the piece of wood in which w’O wish to cut out the 
mortise, and if the tenon, should be in the middle of the piece— ie., 
a single tenon, as at fig. 28 — we trace a line, h m>, lig. 29, at equal 
distance from the two arrises or edges, k and i; we "take then the 
half of the thickness of the tenon, which we set off on each side of 
the centre line h g i to points I and m, and we draw parallel to h m 
two lines, as at h and L We then take the width of the tenon, and 
set it off from central point g to h and % carry it between i hese two 
lines, and thus have exactly the size of mortise hole. If, instead of 
being in the middle of the piece of wood, the mortise hole should be 
carried more to one side than another, we must commence by draw- 
ing a line which shall fix the position of the tenon, taking its thick- 
ness and drawing it at the side of this line — for, in carrying this width 
between these two lines, we shall get the exact place for the tenon. 



The position and size of the mortise being outlined as above, to 
form the hollow or cut'Out part, next pierce holes at each of the 
corners, as n, o, p, q, fig. z9, and then connect these by a row of 
holes as at r $, or at t u, and the small widths of solid stuff' between 
the holes can be cut through with the chisel, or divided by using the 
narrow, thin-bladed saw, used for cutting out keyholes, called the 'ffret 
saw.” This may also be used to cut out the solid part in the centre 
of the mortise, as the part n o p q, fig. 29, connecting the holes at 
the four corners made by the brace and bit. 

^ If the tenon were double we should require to draw also two mor- 
tises near each other bearing exactly the breadth and the thickness 
of each tenon. These two mortises would be made separately and in 
the same way as ordinary mortises. This joint has everywhere the 
same thickness, but the pieces which bear the tenons are not always 
placed vertically or perpendicularly ; often, as in floors, they must be 
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placed horizontally. In this pobition, the tenons being placed on the 
hat side only, all strain is supported by their thickness; then, to 
give to the tenoxi greater solidity, it is strengthened by a small cant- 
ing or sloping shoulder which joins the piece to the tenon. 

Mortise and Tenon Joints— Forms other than those already Illustrated. 

In fig. 3, ante, we give a drawing illustrative ol a mortise and 
tenon joint at which one piece, I) h, receives at its end another piece 
a eh, shown in section at h. The tenon in this case is not square 
or rectangular, as in the other and preceding examples given, but is 
o£ the form known as the dovetail,” as at e; this is cut at the end 
e of the piece a a, which corresponds to Ji in form and size. 

JFig. 30 illustrates a mortise and tenon joint in which the face of 



the one piece, as c is oblique to the face of the other piece, of 
which the mortise hole is shown at e f. The drawing immediately 
below is a view of the side h cd, and e f the front face of the tenon. 
When the tenon of one piece, as a, passes right through the mortise 
made in the other piece, as h k, the tenon is made long enough to 
leave a piece, as i, projecting from the under side of the other piece 
having the mortise cut in it; a hole, as f, is bored through the 
projection from side to side, as at i, and a pin j drawn in tightly 
through it, thus keeping the tenon in the mortise, as shown. 

Another method is shown in fig. 31, in which the tenon b at the 
end of one piece, a a, is fiat and rectangular in section, and of same 
breadth throughout, but the mortise in the other piece c c, to which 
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a a is to be joined, is of the dovetail form, in wliicli tlie nsirrow end 
or neck is afc cl, the base at e e, plan of this at ])ott()m or lower edge 
of c c, as shown at g in edge view //; 1/ 1/ a' is side or edge view of 
tenon b and piece a a ; the tenon, as m, of piece k k is passed into the 
mortise, as at Z ^ ; and wedges are driven up, as at o n. The shape 



Fig. 31. 

of those wedges is shown at h h in side elevation; section of the 
narrow end at j,/, and of the width at i i. 

Another modification of this joint, with dovetail mortise and 
rectan^ilar tenon, is shown in fig. 32, and is known as the foxtail 
dovetail mortise and tenon. In this the mortise is a dead mortise — 



Fig 32 

that is, it is not cut through from surface to surface of the piece, but 
stops short, as at c, e being plan of neck or narrow part of the 
mortise which cuts across the whole breadth of face or edge of piece 
as shown The tenon a on piece h is sawn across to a certain depth 
at its end, in two places, and into these saw draughts wedges, as cl, 
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Ere inserted. The wliolo are then forced into the mortise c, and 
driven up ; and this causing tlie wedges pressing in the bottom, c, of 
the mortise, to be forced up into the tenon a, the sides of this are 
forced out laterally so as to fill up the spaces on each side, a h' <J! 
is an edge view of h cl. 

Fig. 12 illustrates the application of the mortise and tenon joint 
to the junction of a “ king post foot with a tie beam ” (for those 
terms see paragraphs on Roofs). In tliis a is the king post, h the tie 
beam. The foot of the king post a is provided with a tenon, c, which 
goes into a mortise, e, cut in the upper edge of the beam. The termi- 
nation of what are called the struts or braces are shown at rZ < 2 ; 
those being mortised into the sloping, butting surfaces at foot and on 
each side of the king post, b being the tenon. The mortise is shown 
in side view at/. 

The application of the tenon and mortise to the junction of the 
foot of a queen post ” (see paragraphs on Roofs) with the tie 
beam,’^ is shown in fig. 6, in which a is the queen post, h b the tie 
beam, c c the tenon formed at foot of the queen post ; this being 
seamed by the wedge d d] e is end of a strut. The diagi'am to the 
right of same figure shows termination of end of the queen post of a 
single queen-post roof (see paragraphs on Roofs). In this diagram 
// is part of the tie beam, g g oi the foot of (|ueon post, with its 
tenon h shown in dotted linos with wedge i i ; j is part of the si.rain- 
ing sill, h end of strut or brace,” with tenon I let into mortise in 
the hutting face of queen post. 

Joints used in Pieces ‘botli of wMch are Vertical in tlie Same Line.— 
Practical Points connected with this Class of Joints. 

The joints used in forming a connection or junction between two 
pieces of timber, already illustrated, are all used whore one of the 
pieces is vertical, and rests upon the other piece which is horizontal. 
We now illustrate joints used for the junction of two pieces both of 
which are vertical. This class may bo looked upon as giving joints 
for extending the length or height of vertical pieces. Under certain 
circumstances the joints now to be illustrated under this head may 
be used in the junction of two pieces which are placed horizontally. 
But in such a use of them they ai-e placed under strains which the 
joints are not the best calculated to resist, unless the pieces revst upon 
other pieces, or upon points of a building which give a solid support, 
if not through the whole of their length, at Icjist for some distance 
on both sides of the joint. If the two pieces joined by any of the 
methods now to be convsidcred and illustrated are used in circum- 
stances other than this now named^ such as the stretching over — 
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teclinicalJy called the spanning” — of a void space, the joints are 
placed under severe strain, for which they are, as a rule, not calcu- 
lated. Joints for this class of work are specially designed, and will 
in their place be considered. We proceed, therefore, to describe and 
illustrate the joints which are strictly those for use in lengtliening 
out of a vertical piece by joining another vertical piece to it. 

In fig. 33 we give an illustration showing the principle of the 
method in work of this class ; it shows also the simplest form of joint 
used in it. The object in view is to keep the ends of the two pieces 
from sliding or being pressed out of contact with each other. If the 
end of each piece be simply squared off, and made perfectly flat— 
and this preparative method is necessary in all joints of this kind — 
the two may be kept in contact with each other merely by the dead 
weight of the upper piece, or by any weight pressing upon its upper 
extremity or top. But this contact is obviously dependent upon the 
stability of the two pieces If either one piece or the other, as the 
top or the bottom piece, or both of them, be subjected to pressure 
calculated to cause it, or both, to get out of the line of stability, it is 
obvious that the one may be pressed more or less, or completely, out 
of contact with the other. How, perfect stability depends upon the 
maintenance of the true vertical line of the two posts or pieces — that 
is, upon the two being what is technically called “ plumb ” (see the 
volume entitled The Geometrical Draughtsman ” for a description 
of what constitutes a vertical or plumb ” line, and what constitutes 
the 'difierence between a line of this sort and a perpendicular — which 
may be two perfectly distinct and separate things, though often, and 
we may indeed say popularly, believed to be one and the same thing). 
How, this retention of the strictly accurate plumb line in posts or 
pieces of timber plumb vertically is liable in all* framework to be 
more or less dangerously influenced, and this by pressures or strains 
thrown upon the timber. The mere insecurity of the foundation on 
which the lower timbers rest may induce an unequal settlement, 
which will throw it out of the plumb ” or away from the vertical 
direction. 

A side or lateral strain may from one cause or another be brought 
to bear upon the timber near to, or directly at, the seat ” of the 
joint which we are supposing to be formed by mere contact of flat 
surfaces square or at right angles to the length of face of the timbers, 
which pressure would rapidly tend to separate the two pieces. As 
we shall see in a future chapter, when we come to treat of the prin- 
ciples of framing, all framework is designed so that it shall remain 
perfectly stable — ^that is, that it shall retain the original form after 
due settlement or final adjustment of the parts. For when any 
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disturbing element is not provided for, and strains or pressures 
allowed to act, causing even but a slight change in any one joint, as 
the whole parts are joined or connected together, this change m<ay be 
communicated to another part, causing a change from its normal or 
safe condition; and as those changes set in in rapidly increasing 
ratio or proportion, a slight change at one part of the finming may 
cause a much greater change in a more remote and perhaps more 
vital part, and destruction of tlie whole may be the result. It is 



Fig. BS 

surprising how rapidly the total collapse of a framing follows upon 
the first change of a part of it from the true, stable or safe position. 
A crack or crink is heard, and fortunate are they who under framing 
hear it in time to get clear from under or off the falling mass. Joints 
of vertical timbers are therefore rarely made with merely squared 
surfaces in contact, unless in cases where the timbers are heavy and 
subject almost wholly to vertical pressures, lateral ones being very 
unlikely to come into play. But even in such joints with simple 
contact they often are, or should for safety be, provided with side 

4 
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plates of iron, or bound round with an iron hoop or strap securely 
fastened. 

Illustration of the Eoregoing Principles of this Class of Vertical Joints. . 

In fig. 33 the simplest form of joint of the class now under 
consideration is illustrated. In this the end of each piece, that of 
a and h, are provided with grooves, as at c, shown in tJie section of 
the lowest of the pieces at//, and at c at tlio upper; these grooves 
are ploughed or cut out across the face of end and from side to 
side, as shown at I ; and when the two pieces are placc(l with tluar 
end surfaces in contact, a groove or rather slotted opening is thus 
formed of such depth that a fiat wedge or “ key of wood or of iron 
can be inserted, as at g h, the depth of which is twice that of the 
groove made at the end of each piece, as at c or e. When so placed 



and sepured together it will be obvious that the lower piece, as h, 
may be so securely fixed at its foundation, or at its lower part, that 
it can resist any tendency it has, or which may be put upon it by 
pressure, to swerve from the plumb line. The key g k prevents 
any pressure acting in the direction of the arrow i ovj from affecting 
the upper pieces and the joint remaining good. But this is because 
the pressure is acting against the flat or broadest surface of the 
“ key ” g h. But if the pressure acted upon the other side of the 
piece, as m the direction of the end of the key, as shown by the 
arrows h and m, there would be nothing to prevent the one piece, as 
I, being removed or caused to slide away from the other piece, o, in 
the direction of the dotted part w. Just as would be the case in the 
event of the pressure being applied in the direction of the arrow n, 
which would give the tendency of the piece o to slide away from the 




52 


THE CAEPENTER AND HIS TECHNICAL WORK. 


as h, is framed at tlie end of tke piece; k I shown in view is section 
of the other side of the piece, with the edge of the tenon at /. 
While the ‘"key” g h in fig. 33, provided for only two directions 
of actual pressure, as understood by the arrows i and j, it did not 
provide for the other two directions, four in all, there being four 
sides to the posts or pieces shown at arrows h and n. But in the 
arrangementfin fig. 34 three actual pressures, tending to cause the 
pieces to slide away from contact with each, other, out of^ the four 
are provided for; the outer ones, m and n, corresponding to i andy, 
fig. 33, being provided for in both cases equally ; but the end corre- 
sponding to ^ or w in fig. 33 is met by giving a solid back {d) to 
the groove c, fig. 34, against which the edge Ic of the tenon y butts 
or presses, so that all sliding is prevented in the direction of the 



Fig. 36. 


arrow or that to the right hand — ^the only direction of sliding 
pressure not provided for being that acting in the direction of the 
arrow to the left hand of a, forcing the tenon out of the mortise, 
which may be prevented by passing a pin or trenail through piece a I 
and tenon y, as from side a to side e. 

In fig. 35 we illustrate another form of joint of this class, in 
which the four actual pressures tending to cause a sliding away 
action of the two faces of the posts, upper and lower, are provided 
against. In this abed shows the end of the upper face of lower 
post, in which two grooves on the central lines, e h,fi, are cut, as 
g Jif on line e h, being at right angles to the other, as i g, on line 
if, 2 , side elevation of the groove h being shown at J. On the lower 
face of the upper post, h I, two tenons, as at m n, are cut at right 
angles, as shown. These go mto the grooves or open mortises 1i % 
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and, it will be seen, provide against the pressures arising from direc- 
tions as shown by arrows 1 and 2, and from those opposite to these. 
A more equally distributed form of this last principle of joint is 
shown in fig. 36, in which grooves running from face a h to face 
c doi the post in opposite directions, and from face h d to face a c, 
forming a cross, and cut in the upper face of the lower post ; while 
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four tenons, forming also a cross, are cut, as at ^ y* ^ A, on the lower 
face of the upper post, these passing into the grooves, ah c d, A 
side view of lower post at top, with groove ij, is shown, as also a 
like view of upper post at foot at h L Fig. 37 illustrates another 
way of forming the joint so as to meet the pressures in all directions. 
In this the part m n o p is plan of upper side of lower piece, having 



parts, or what may be called open mortises, cut out, as shown at 
q, r, s, and t, these being of depth equal to the length of the tenons 
or projecting parts cut in the lower end of upper part. Plan of this 
is shown in the lower diagram : ^6, v, w, and x show the ends of the 
tenons, and the parts between them, as y and being cut away to 
the same depth, thus leaving parts uvwx projecting from the end, 
and which pass into the open mortises q, r, s, and t 
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Horizontal Joints used in Pieces crossing at Riglit Angles. 

We now come to the third claas of joints, used in connecting 
horizontal pieces crossing each other or meeting at right angles. 
The simplest form of this joint would obviously be by laying the one 
piece, as the upper, m n, in fig. 38, upon the other and lower piece, 
as i j Ic I, and securing the two by wooden trenails or pms, or by 
nails or screw-nails. This, for small work on which no great strain 
is put, would give a joint fairly secure. 

In more perfect work, however, the joint is made in the way shown 
to the left of fig. 38 : in the lower piece, ab c d, groove, as efg h, 
is cut right across, and of a depth, as in e /, in proportion to the 
thickness of the upper piece, g 02 ^ h. The plan of the lower piece, 
with groove, as e! f, is shown at a' U d d’ , The upper piece, as 
shown by the partly-dotted lines, 2 ^ g 0 ph, is passed into the groove 
as d f'y which is made a little less than the section of the piece, as 
m so that it requires to be driven tightly into the groove. ITo 
joint is perfect which is loos<^ and admits of any play ” between the 
parts. 

: : 


Fig. 39 

In fig 39 another form of joint in this class is illustrated. In this 
a groove or slot, as h, is cut across the lower edge of the upper piece 
(z a, or a groove is cut in the upper face of the lower piece, as e e, 
of width enough to admit tightly the edge of upper piece b b, the one, 
as a oby going into the groove of the other, as e e, in the manner shown 
Qjt g hinf f, which is a side view of the assemblage corresponding to 
e e in plan, kio a a in end view g, showing the depth to which the 
piece //encloses h. But in place of the groove in lower piece e e 
being cut out with a level base or floor face, there is a projecting 
part, as c, left in the centre of the face of groove d d. The height of 
this, or its projection from face to groove, is equal to the depth, h, of 
the groove cut in the lower edge ^ upper piece, a. This projection 
c goes into b, and the young carpenter will see that the sides or 
cheeks of the groove in ee prevent the piece, as d d or a a, from being 
moved in the groove in the direction of its length. 

In fig. 5 we illustrated another form of joint of this class, used in 
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coaneciiag a llooriijg joiat, as a a or c c, to a “ sleeper/’ as dj wluch 
rests oil tlio wall e e, a groove, as />, being cut in tb© lower edge of 
the flooring joist a a (or c c), of width a little less than that of 
sleeper d, this being passed on to d keeps the joint a a m position. 

In place of the groove being cut in the joint it is sometimos cut in 
the upper edge or face of the sleeper h h, fig. 40, and the joists, as a a, 
are let into this. 



Fig. 4 illustrates another joint of this class, as used to connect the 
„ tie beam a a of roof truss (see further on in illustrations and 
descriptions of Hoofs) which is connected with the wall plate 6, built 
into the wall c c, A groove is cut in the under side of “ tie beam ” 
of sufficient width to embrace tightly the wall plate, as at 6 in fig. 4 ; 



Eig. 41. 


or there is a groove cut in the face of the wall plate sufficiently deep 
to recta VO half of a key h, or in plan at d, leaving the other half to 
projec^t from its face. This other half goes into a corresponding wide 
groove cut in the lower edge of the ** tie heam,’’ and the key, as d, 
keeps the two in contact. Fig. 41 shows a joint more in detail : a is 
the wall plate, h b the tie beam, with key c ; a' is side view of wall 
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plate, c' of key, e, e being plan of wall plate witli mortise d cut in its 
face to receive key, of which / is a side view and <j an end or cross 
section. 

The same kind of joint described in fig. 38 is used to connect ceil- 
ing joists (see further on for illustrations of fioors), as a, witli the 
'' binding joists'’ or ''binders” h; if a double floor, the ceiling joists, 
as a a, carrying the lath and plaster of the ceiling, as shown at g e. 
Mg. 43 shows how a piece is cut out, as at aeross the under face 
in edge of binding joist b h, to receive the ceiling joists, as a a, in 



fig. 42 : c c is plan of groove or cut a in piece, d d the plan of lowes 
edge of binder b h. 

Joining of Two Horizontal IJieces one at Hight Angles to the Other. 

Proceeding with our illustrations of joints used in carpentry, we 
now take up those in classes not hitherto glanced at. In fig. 4 4 we 
illustrate the method of joining two horizontal pieces, one of which, 
as a a, is at right angles to the other, as at b. In place of merely 
inserting the piece a into a groove or chase cut under the upper side 



Fig 43 


of the face of piece h 5, and sufficiently wide to admit the piece a 
when drawn tightly into it, the groove does not go rig] it across, but 
is intercepted, so to say, by a feather shown at r, end view of groovf^ 
being at d. The end of the piece a a has a groove or ch.aso cut out 
in its lower edge, as at e, at a point sufficiently far from its (md to 
allow the feather c to pass into it. The piece a a by this arrange- 
ment is so secured to the piece b h that it cannot be moxed laterally, 
being restrained by the sides or cheeks of the cross groove, and 
motion in the direction of its length being prevented by the feather c. 
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The Use of the “Dovetail” and “ Wedges in the Preceding Joint. 

Wedges are sometimes used to prevent movement in those direc- 
tions, as also the form of joint known as the dovetail; those two 
methods are illustrated in the lower part of fig. 44. The dovetail 
joint completed is shown at g g, h being detail in plan of the groove cut 
out in the face of upper side of the piece, i being edge view, and into 
which the end of g g cut with corresponding shape is inserted or drawn 
in tightly. When wedges or tapered keys, as e k I, are used to keep 


the piece from moving, as g g, the gi*oove is cut of the foim as at m. 
In this joint there is no alteration made in the form of the end of 
the piece j j, as at g g ; it is left square, but the shape of part cut 
out, as at m n, admits of spaces being left at each side of the piece/,/, 
when placed in it, for the wedges 7c and I being driven hard up, it 
will be seen that they are entered from opposite sides, so that by 
giving corresponding blows to each wedge, as 1c and I, a uniform 
pressure is placed upon the piece//. 
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Fig. 45 illustrates a joint in which a vertical piece, as h, is joined 
to a horizontal piece, as I , but at the extroino end a a shows the 
upper face of the piece Z, having a part cut out, as at />, shown in end 
elevation at c. f) shows the side view of end of vertical piece h, and 
d e g the end view of the two pieces as joined. Fig. 46 illustrates 
method of joining a vertical piece, as h h, to a horizontal piece, as at 





a a, and at its extreme end ; the end of vertical piece being mortised 
into the horizontal piece. 

Joining of a Horizontal with a Vertical Piece. 

In fig. 5 we illustrate a joint in which a horizontal piece, h, is 
secured to the face of a vortical strut a a in the manner shown at 
d ef g*, d shows the piece cut out in the strut a a. This may be 
cut right across the face of a a, but if so there is nothing to prevent 



the piece h from being pushed Literally out of connection with a a. 
To prevent this a rib is left in the centre of the part cut out of face 
a (z at cZ. This rib goes into a groove cut out of the end of the piece 
5. In place of a nb being left in the face of the part cut out at d, 
the mortise hole, as g, is made ; into this a tenon loft at end of piece 
5, as shown at A, is driven. Other views cf the piece h are shown at 
Tclcl and m n. 
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Another Method of Joining a Horizontal with a Vertical Piece. 

In fig. 47 is illustrated a method of joining a horizontal piece, g h, 
to a vertical piece, h. The front view of vertical piece is shown at 
ah', d. groove, c, is cut across this, in which the part h of horizontal 
piece g is placed. A pai’t, as at J A, may bo cut across the face of 
vertical piece, the end of horizontal piece being formed to suit this ; 
or the joint shown at r r y may be used. In this the face of the 
vertical piece is broader than the thickness of the horizontal, a mor- 
tise being cut in the face of it, as at p j;, and this provided with a 
second mortise, o, into which the tenon, q, of horizontal piece fits, the 
end going into p. The ends or inner faces of 2 ^ p fi-Rd 0 are not 
parallel to the sides of the vertical piece, but oblique, as shown in 
vei'tical section at Z m or n, Fig. 3, ante, shows another method of 
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joining a horizontal piece, a a, as at e; or a square tenon may be 
used, as indicated by the dotted lines joining ein d d with einh h. 
f g shows edge view of piece a a, g being the tenon e in h h. Where 
the dovetail tenon is used, as at e, the mortise, in place of being 
plain, as at h, may have two shoulders, as at h h, against which the 
parts y j abut. 

Joining Two Horizontal Pieces, one of which— a Ceiling Joist— is at Right 
Angles to the other, as a Bridging Joist, in Flooring. 

In fig. 48 wo illustrate the methods of joining pieces at right angles, 
as the ‘^ceiling joi>sts,” e /, to the bridging joists” of a floor, as h h 
(see succeeding paragraphs on Floors). The simplest method is by 
cutting a notch, as a, in the lower edge of the bridging joist h h, this 
going right across the face, as shown in plan to the }eft of h 6. The 
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notch is cut of such a width that it embraces the ceiling joists tightly 
when this is driven up. The joist is indicated by the dotted lines. 
Other methods are shown at c and cl of finishing the ends of the 
ceiling joists e^'and f ] notches, as e, being cut in the bridging joists 
to receive the tongue of projecting parts at c and d. 
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Junction of One Horizontal Piece, as in a Bridging Joist, to the Vertical 
or Another Horizontal Piece, as a Beam or Girder in Flooring. 

The junction of pieces at right angles, where the end of one piece 
is secured to the vertical face of the other piece, as h and / in last 
figure, is illustrated in the junction of bridging joists, a, fig. 49, 
with the large beam or girder 5 in a double-framed fioor (see suc- 
ceeding pai*agraph6 on Floors). The face of the girder has parts cut 
out at intervals corresponding to the distances between the bridging 
joists, as ai; g, the end of joists a a being shaped to correspond. The 
width of the part cut out in face of the girders is equal to the thick- 



Eig 49 


ness of the joists a a, as shown at e in face d of the girder. In the 
figure e is end or cross section of a flooring joist, the ceiling joists 
being^ placed immediately below it. In some cases the end of the 
joist is cut so as to finish With a long projecting piece, tenon or tail ; 
this passes through a mortise hole in the girder at back, and the two 
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are secured together by a wedge, as shown in fig. 50. When the 
junction is made as in fig. 49, the end of joist being merely let into 
the face of the girder, the joist is not so secure as that shown in 
fig. 50. 

Junction of a Horizontal Piece, witli an Inclined or Angular Piece. 

In fig. 6 a joint is illustrated in which one piece, as a a, crosses 
horizontally an inclined piece, as h h. The simplest way of making 
this joint is cutting out a recessed portion, or a chase, as d, in the 
outer face of piece h h. The depth of this being half the thickness of 
the piece a a, when this is forced into the part d half the thickness 
oi a a projects above the face of b h. When the two faces, that of a a 
and that of h b, are required to be flush with each other, a part of 
shape corresponding to the angle d is cut also out of the (inner) face 
of a a, half the thickness of the piece in depth. This is shown in 



elevation at c and in section at f. The most perfect and secure of 
this kind is where the part, as d, is not cut out right across the face 
of piece, as b b, but a rib, feather, or projecting part h, as at g is 
left in the centre. This fits into a recess or hollow part in the inner 
face of piece a a, so that lateral movement is prevented. 

Another Example of Preceding Joint 

Fig, 8, ante, illustrates a joint of the same class as the last, in 
which one piece, as i i, crosses another, h 7c, at an angle, but in which 
the joint is not straight-lined, as at a b b, fig. 6, bat is cut out 
with angular knees, as shown at i i. Another form of angular joint 
of this class is shown at g li, crossing the piece /, the shaded part g 
showing the recess or mortised part cut out in face of f. The diagram 
at^ top of this, fig. 8, ante, shows a form of joint in which the piece c 
joins the piece 5 c? at an angle ; but does not extend or go beyond 
the furthest or ofif side, as at z ^ in same figure. The part cut out of 
piece a a corresponding to d d is shown at b, with edge view at c. 
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Junction of Two Pieces Crossing* Angularly. 

Fig. 51 illustrates anotlier class of joint, in which two pieces, a a, 
h hj cross each other, both pieces being placed angularly : c c shows 
the face of one piece, as h S, with part cut out to receive a a. One 
form of the joint is shown m section, d e f being a recess cut out of 
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part, g being a correspondingly projecting part left in the centre of 
the other piece. The usual and the simplest way is to make the 
same kind of recessed or cut-out part in end, as shown at c c ; this 
being cut out to half the depth of the piece, so that when the two 
are put together, the one going mutually into the other, the faces of 
the two pieces are flush with each other, like a half-lap ” joint. 



Fig 52. 

Pieces joined at Right Angles to Each Other. 

In fig.^ 52 the simplest way of joining two pieces at right angles, 
as the piece a to h, the end of piece a stopping short at or being cut 
off or left flush with edge of piece b, is by placing the piece a on face 
h and securing them with nails. A neater and more secure joint of 
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this class is made by cutting out a piece, as i, in the face of the piece 
5 5 at its upper end, shown in section at e/j a corresponding part is 
cut out at the end of a, as at hin g ; the two when placed together 
are then flush on the surface. In joints of this class the mitre joint, 
as in fig. 53, is the neatest The simplest way of making the joint 
is by cutting the ends of the pieces, as at a h c cl, those lines being at 
angle of 45^, as shown by the dotted lines which show the parts cut 
off. When the two pieces are brought together the joint shows as at 
e^, the one piece at e/ being exactly at right angles to the other 
piece e e. The pieces when meeting are secured by trenails or nails. 
The neatest joint of this land is, however, made by the mortise and 
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tenon joint at the angle. This is shown in detail in the other 
diagrams in fig. 63. In place of cutting the part, as shown by 
dotted lines at a h, right off across its thickness or edge, a thin part 
forming the tenon is left in the centre of the thickness, as at i in 
the piece shown both on side and edge view. On the angular or 
mitre face of the other piece, as c tZ, a groove in the centre is cut a 
little less in breadth than the thickness of the tenon ^, shown in 
plan of top edge at n in piece o o corresponding to piece c d, which 
is side view. When the two pieces thus formed are put together 
they present the appearance as at h i, which is a view of top or plan. 

Yarious joints are illustrated in connection with partitions, joists, 
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and roofs, whicli form the subject of succeeding paragraphs. Some 
of these joints employed in the construction of those classes of framed 
carpentry work have already been illustrated, and to these reference 
will again be made. We now proceed to illustrate others, the whole 
comprising almost every kind of joint used in framework. In 
examining at a future stage of study the illustrations wo give of 
partitions, floors, and roofs, the young carpenter should have no 
difficulty in seeing at what points the joints now to be illustrated are 
employed. Eeference will, however, be made to the most important 
points of these. 

Special Joints used in the Framing of Partitions. 

In fig. 54 we illustrate a method of joining used in partitions. 
a a is part of the sill, h the upright post or stud, the joint being a 
mortise and tenon ; d is the foot of one angular brace or stud, let m 
at e into a recessed part cut out in the upper face of sill or cill a a 



Fig. 54. 


This recessed part may be cut out right across the face of sill, and 
the end of d left square. A better class of joint, however, is had by 
leaving a tenon, as^, at the foot of the piece i i, corresponding to d, 
which tenon goes into a mortise cut in the face of part cut Out of sill 
a a. This mortise is shown at p in piece o, which is the upper face 
of sill ; m hi and m n are other views of this joint. The end of 
brace or strut d is sometimes cut angularly, as at gf at foot of h 
corresponding to d. The filhng-in pieces, as at a 6, fig. 6, Plate I., 
of a partition are jointed between the face of a strut or brace a a, 
by simply cutting the foot of h at the desired angle ; the upper end 
being level or horizontal to correspond with the under side of the 
horizontal head of the partition, and filling-in pieces, as h, being 
simply jammed and driven tight into the places. But the better 
forms of joints for foot of filling in pieces are shown at c 
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and at A, that at o being simply an angular piece cut out right across 
the face of the stud or brace, as a a, the foot of piece, as 6, being 
cut to correspond. This joint gives security against the foot of piece 
h sliding down the face of strut a a, which the simplest form of joint 
at h does not give ; but it gives no security against lateral pressure 
tending to force the foot of h out of contact with face of a a. 
Security against pressure in ail directions is given either by the 
form of joint shown at f, this being a tenon cut in end of piece g 



Fig. 55. 

and let into a mortise cut in face of brace e ; or the tenon may be 
formed as at h. 

Special Joints Used in the Framing of Floors, Joists, and Wall-Plates. 
We come now to the joints met with in the framing of floors and 
roofs of different classes illustrated in a future chapter. Already we 
have given, in fig. 43, an illustration of the form of joint used in 
joining the end of a floor joist, a a, wdth the wall-plate &. The groove 



Fig. 56. 

c d on face of wall-plate h with cross-rib or feather, receives the 
end of the joist, the feather e passing into a groove cut in the end 
of the joist. The lower part of the diagram in fig. 43 illustrates a 
modification of the dovetail joint for the joining of joists with wall- 
plates fully described in connection with this figure. Fig. 39 illus- 
trates a method of joining pole-plates a with the tie-beam 6 of a roof, 
forming truss c d] in same figure another method, a groove being 
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cut in tlae edge of the tie-beam, as at into which the pole-plate is 
placed, is shown. In the first method a key, as e is passed into a 
groove cut as at g in face of tie-beam ; a corresponding groove is cut 
of half the depth of key / e in face of pole-plate. 

Fig. 38 illustrates the junction of the end of tie-beam with wall* 
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plate ; fig. 39 giving different views of the parts in fig. 38 ; a is the 
wall-plate to receive the key c, jT side, g end view of the key. In 
fig. 42 the tie-beam b is simply notched into wall-plate a a. In fig. 
36 a method of notching on the flooring joists, as a a, to the sleepers 



Eig. 58. 

as a, is illustrated. Those sleepers rest on brick piers, and are 
generally employed when the width of fioor is great, so that a sttpport 
is given to the joists between the walls. In figs. 55, 56, 57, 58, we 
give perspective views of several of the joints already described in 
detail. 
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Joints used in Eoofing. — Common Eaftera with Fole-plate. — Queen-Post 
Eoof Details. 

In fig. 7, Plate III., we illustrate the junction of a common rafter, 
a with a pole-plate h, this being secured to the tie-beam c c with 
a key d ; c shows the end of the rafter a with piece cut out to 
notch or butt on pole-plate in cross-section. Pig. 59 illustrates 
the junction of the rafter, a, of a lean-to ” roof (see a future chapter) 
with the wall-plate d, the gutter c being secured to ends of the rafters, 
which are lengthened or extended so as to pass beyond the front wall. 

Pig. 60 illustrates the junction at part of a queen post roof 
truss (see a future chapter on Roofs). « a is part of the principal 
rafter,” b the purlin supporting or carrying the ‘‘ common rafter ” 
cc. 

Joints used in Eoofing {continued ), — Junctions of Purlins with Eafters. 

The purlin in this is notched or grooved into the rafters, but in 



fig. 61, showing another arrangement, the purlin a simply rests on 
the face of principal ” h h, and is supported by a block a at its lower 
end, let into rafter by a tapering notch, as at a in side elevation of 
principal. The block may either be secured by nails to the rafter 
and the purlin, to prevent lateral movement, or have a key, as 
fig. 63, cut in the centre of the notch in face of principal, as at 5, and 
in the under side of the block c, fig. 61. In fig. 7, Plate I., h shows 
the form of notch into which the end of the strut d, fig, 60, is 
“ housed,” as the technical phrase is, to indicate when u timber is 
placed permanently into the part intended to receive it. A simple 
form of notch is shown at e, fig. 60. In fig. 61 a' 5' V d is end view 
of fig. 60, looking in the direction of the arrow e. 
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part of wall suiface in place of running the floor right up to the 
angular space formed by the rafters. 

Boofing Joints — Beet of Principal Bafter witE Tie-team. 

The junction of the feet of ‘^principal rafter” with the ends of 
tie-beams is a most important point of carpentry work. The simplest 
but weakest way is shown at ah e, diagram c, fig. 63, the flat face 
a h oi foot, bearing on the upper surface of tie-beam d, being pre- 
vented from sliding away by the strength of the nails. To prevent 
this dangerous tendency, the foot of the principal is provided with a 
butting joint, as e, let into a notch cut on upper edge of tie-beam ; 
this butting end, e, is strongest when it is made at right angles to 
the line of principal, as the line f to the line g ; an end section is at A. 

Fig. 7 illustrates other forms of joints of this class. In the form 
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in diagram b a longitudinal mortise or groove, a, is left in the centre 
of the notch in tie-beam a corresponding tenon or rib being cut in 
the foot of the principal ; e is section in line c c2, f cross section of tie- 
beam, Fig. 65 illustrates the junction of collar-beam a with rafter 5, 
a part, as c, being cut out for half the thickness in rafter, and a 
corresponding part, a <z, cut in end of rafter of half its thickness, so 
that the two when joined as at a 5 form a half lap ” joint, as shown 
in horizontal section e d and vertical f. 

Fig. 2, Plate I., illustrates the junction of parts in a form of roof 
hereafter illustrated, a being the principal rafter, h the common 
rafter, c the purlin, d the brace or strut housed at foot into face of 
tie-beam a e. Fig. 8, Plate I., illustrates the junction of purlin in 
a collar or beam roof : a collar beam, h rafter, g purlin. 



70 


THE OAEPBNTEK AND HIS TECHNICAL WOBK. 


Roofing Joints— Junction of King and Queen Posts witli Tie-ijeam. 

The junction of king post and queen posts with tie-beam, straining 
beams, etc., now comes to be illusti\ated. In fig. 25 (ante) we iilus- 
trate junction of foot of king post a with tie-beam b, this being 
simply mortised into the tie-beam c; d shows two joints of foot of 
brace with the king post in front elevation in diagram. In fig. 4, 
Plate lY., we give side or edge view of drawing in hg. 65. In 
fig. 65, a a is long post, h h principal rafters framed into ditto, c c 
common rafter butting either simply on end, secured to side or head, 
or the ridge pole dd\ e e represents the roofing boards on which the 



slates are fibsced. Pig. 5, Plate IV., in a shows elevation of another 
method of tenoning end of principal to head of king post b b; in 
diagram B, a shows mortise in head h h. Diagram c is plan looking 
down in direction of arrow in fig. 65 ; corresponding letters indicate 
corresponding parts. Pig. 26 shows tenon joint of the assemblage of 
timber at foot of a queen post a a, diagram A.] hh tie-beam, c strut 
or brace tenoned into foot of queen post, which is secured to tie-beam 
h h by tenon d and wedge e. In diagram B, d is part of straining 
silk” e e of queen post. 
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Continuing our remarks on roofing joints, junction of king and 
queen posts with tie-beam, we give in Fig. 6, Plate lY., the assem- 
blage of timber at head of queen post a a in diagram (elevation) A ; 
h h end of principal rafter tenoned into queen post, in the side of 
which, opposite to principal, is the straining beam j c common rafter, 
as at d, e purlin. In diagram B another method of joining end of 
common rafter to head of queen post is shown. 

In the joints used in framing which in preceding paragraphs we 
have illustrated and described, the two pieces or members which go to 
make up the joint as a complete arrangement, each piece has been 
supposed to be of the proper dimensions — in length, breadth, and 
thickness. It frequently happens that while the dimensions in 
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section — that is, in depth or thickness and breadth — can be easily 
enough obtained, the length is deficient ; and it is difficult, in many 
cases impossible, to procure a beam having the requisite cross-section 
— breadth and depth — with a length in one piece sufficient for the 
work to be done, or for the office the beam has to fulfil. Hence 
methods in practical carpentry have to be resorted to to make a long 
beam out of two or more short ones. 

It is to the devices employed in doing this essential work that we 
now propose to direct the attention of the reader. If he will refer 
to the various joints we have in preceding paragraphs given, he will 
see several forms which are obviously devices for lengthening short 
timbers — that is, for making a piece practically one out of two 
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separate pieces, either equal or xmequal iu length. All the joints 
used in connecting two pieces both of which when put together lie in 
the same line, either horizontal or vertical, are of this kind. But 
there is this distinction between those joints we have already given 
and those we are now about to present to the notice of the reader, 
namely, that they are usually adopted for pieces of small scantling 
comparatively, whereas the devices now to be illustrated are employed 
for pieces of large section, and which are commonly called beams. 
We have given a wide variety of joints adapted for the junction of 
pieces having different relations to each other; but those we are now 
about to give are used only where pieces are to be joined in the 
direction of their length. 



Beams are lengthened by one of two methods — “fishing” and 
‘‘ scarfing.” The simplest method of “fishing ” a beam is illustrated 
in fig. 66 ; in this the two beams are placed together so that a short 
part of the length of each rests on the face of the other piece, as at 
a a, b b, and when so placed secured together by means of a rope, as 
at c G, It is obvious that if the two pieces are round in section the 
joint will be anything but a firm or secui*e one, as each piece has a 
tendency to ride or roll upon the other. A much more secure joint 
in this, the simplest and rudest way of lengthening a beam, will be 
had when the pieces are square in section, as c? e e and the June- 
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tion may bo made more pormaneni/ly secure by binding or tying 
them together by ii*on straps, as at / /. 

But, however secure may be the joint effected by either one or 
other of those two methods of fishing, — and they are often adopted 
in rough work, as in bricklayers^ and buildei's^ scaffolding — they 
obviously give a very inconvenient form of joint, from the projections 
they offer, — thase quite intoiTupt the continuity of the piece con- 



Fig 66. 

sidered as a single member, by the ‘‘ steps ’’ formed in opposite sides, 
the upper and lower, of the beam. Another method of fishing a 
beam is therefore usual. 

This gives a perfectly flush surface to the united pieces throughout 
the whole length of the member, considered as a whole. This method 
is often called splicing,” more especially by seamen, with whom it 
is a favourite method of gaining one strong piece or spar of timber 



Fig. 67. 

out of two short or broken pieces of unequal length. The term 
splicing ” no doubt originated with them. As to the other term, 
fishing,” which is applied to the method — although this also appears 
to have a maritime origin — ^it is apparently a term which is a corrup- 
tion of the French word affioher, to fix or place and secure one body 
in contact with the other. Fig. 12 and fig. 67 illustrate the method 
of fishing timber known as splicing, and which gives a piece as a 
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whole actually more strength than the original piece, supposing that 
the new piece is to be formed out of the two pieces of a broken spar, 
for example. If a and 5, fig. 12, represent the two halves or pieces 
into which the spar has been broken, each half or part is cut up 
longitudinally in the direction of the dotted line — thus giving four 
pieces, two short, out of the piece a, and two of them long, as got 
out of the piece 5. The pieces are then placed as in the diagram in 
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fig. 67 ; so as to break joint, the joint c of the junction of the 
short piece c g, and the long one, h h, butting against the solid part 
of the lower long piece e e. In like manner the joint of the short 
piece d h, and long e e, butts against the solid part of the upper longer 
piece h h. Such is the effect of this simple, yet thoroughly scientific 
— ^in a constructive sense of the term^ — method of jointing the piece 
of a broken part, that the spliced or half arrangement, as in the 



Fig. 69. 

lower design of fig. 66, is actually stronger than the original un- 
broken’ piece. In ship carpentry the pieces thus rigged out '' are 
held together by strong tarred rope ; but in carpentry, as applied to 
general work, bolts and nuts, or strips of hoop iron bond or rings of 
wrought iron, are slipped in while hot, and shrunk by becoming cool. 

The methods used for joining timber by that known as scarfing ” 
— are pretty numerous: fig. 9, illustrates the ‘^scarfing’' of two 
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pieces a and h, the end of each piece being cut longitudinally in the 
direction of the centre of the two pieces ; so that when laid together 
they are ''flush'' with the general surface. The joint is called 
generally a " halfdap " one. The two pieces are secured together by 
iron bolts and nuts, as at c, c, c; d d, d d d in the lower diagram show- 
ing the bolt holes in the lower piece h'd, corresponding ones being 
bored in the upper piece a! a!. The term " Ashing joint " is also 
applied to the method of joining two timbers as illustrated in fig. 68 
—the ends being simply squeezed up, and there being no lapping or 
laying of one piece or part of a piece upon another, which is the 
distinguishing feature of all "scarf ” joints. The pieces butt at their 
ends with even joint, as c, and the two are held together by "fishing 
plates ” — one, as dJ c?, at the upper side, the other, as/^, in the lower 
side of the two beams. The " fishing platas " are sometimes partly 




Eig. 70 

sunk into the beams, as shown at a in fig. 69 — or formed at end, as 
at and that to the right are part sections. In place of bolts and 
nuts, as at <? c, fig. 70, hoops of wrought iron as in cross section at 
d f'j fig. 69, and part side elevation at e e,ff, shrunk on shows the 
complete fishing plate. Iron fishing plates are the best, and being 
thin, are often sunk into the faces of the two beams, so that the 
surfaces are flat, the only projecting parts being the bolt heads and 
the nuts. 

Tig. d, i'late lii., illustrates the system of joining timber togethei 
by what is called " scarfing," the joint a h, fig. 10, being at an 
angle or oblique to the faces ,of beam to be joined. The joint is 
technically called a " table,” and some forms of scarf joints (they are 
pretty numerous) have several tables: see fig. 3, Plate III, The 
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two beams are secured at the joint by bolts and nuts, or by “ shrunk- 
en’’ hoops of iron. To make the joint still more secure, in some 
modes of scarfing, keys of hard wood are driven into apertures cut in 
the tables of the scarf— one-half being in one, the other in second 
half of beam. This is illustrated in c and d, either as at d in the 
centre or as at c in the corner of the scarf, fig. 4, Plate III. Mg. 9 
illustrates a mode of scarfing when the tables are parallel to the 
faces of beams. 

In fig. 3, Plate III., a a is the lower, h h the upper beam ; the 
ends of each being cut so as to give an irregular or oblique “ table,” 
as d d, finished ofi* at the ends obliquely as shown. The two are 
secured together by bolts and nuts. The lower diagram, b, shows 
the two pieces separated and in section ; the letters of reference 
accented being the same as in the upper diagram. In this the single 
table of the method illustrated in fig. 10, is represented by a series of 
tables d d^ e e, these alternately projecting as d'd' in the section 
in diagram B, and recessed as at e e', interlock, so to say, with one 
another, and thus prevent movement under pressure. The two are 

s 

Fig. 71. 

secured together by bolts and nuts, or by straps. The diagrams in 
fig. 4, Plate II., show a method sometimes adopted in this form of 
scarf -joint, a key, as c, being placed at the corner of the projecting 
point of the table h on beam a a. Keys are sometimes put in the 
flat part of tables of scarf-joints, as at d in beam e e, in diagram c, 
same figure. This method of keying may also be applied to the scarf- 
joint in fig 70, as at the centre of the tables h, b\ or at the ends, as 
e, e'. In this figure the upper diagram is elevation, showing method 
of securing the two beams together by bolts and nuts cc^ d d; the 
lower diagram shows the two separate and in section. 

Fig. 11 (text), upper diagram, illustrates a form of scarf -joint in 
which a horizontal table, as a a, is used with an oblique one at h h. 
A key, c, being put in at their point of junction, the two are secured 
together by bolts and nuts, dd, ee. The lower diagram is section 
with beams separated. 

Concludittg Remarks on Scarfing or Lengthening of Beams. 

In the preceding paragraphs we gave descriptions and illustrations' 
of different methods of lengthening beams, — that is, of making one 
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long beam out of two short ones, — ^those being known as fishing and 
scarfing, the latter being the more generally employed. We now 
proceed to describe the methods employed for adding to the strength 
of beams, so as to enable them to carry heavier weights or sustain 
greater pressures than those the strength due to their natural or 
given dimensions enables them to resist or bear. But before giving 
our illustrations of these methods, it will be well to add to what we 



have already said on the subject of lengthening beams by fishing or 
scarfing, the following considerations. By giving the “ tables or 
bearing surfaces of the joints, and adding the bolts and nuts or straps 
by which the pieces are bound, the two pieces of wood joined in this 
manner are as solid as one piece of the same size made out of a single 
piece, provided always that the strain is given only in the direction 
of the length of the piece, because the joint is arranged in such a 






Pig. 73. 

way as to resist a force of tension or pulling rather than a strain of 
cross or tranverse pressure. The surfaces of the tables are generally 
cut obliquely, and the cuts are kept together by a strong square 
oaken peg, which should press the faces firmly together. The pieces 
of the joint are united or held together by means of iron hoops, or, 
as we have already shown, by bolts and nuts. Generally these hoops 
or bands are made to go round and embrace the beams completely ; 
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sometimes in place of encircling hoops the bands are confined to 
plates or strips, which are placed on each side of the beam, as shown 
in fig. 72, a the iron plate or band, bolted to the beam. This is 
sometimes let into the beam or, as more generally adopted, simply 
laid on the surface. There may be two, or even three of these plates, 
in the depth or side of the beam ; and in addition top or bottom plates 
may be used, as illustrated in fig. 73. In place of plain-surfaced 
^^’tables,'^ or skewed or oblique surfaces being used in scarfing, as in 
fig 10, the faces of the tables are cut up into tenons and mortises as 
in fig. 3, Plate III., or fig. 11 (text), but this is only done in special 
cases. The first quality of a joint is great accuracy of fitting of the 
surface, and it is very difficult to cut quite exactly pieces so com- 
plicated. Generally the form of scarf-joint used is that with two 
inclined faces, as in fig. 10, taking care always to add hoops or bands 
of iron as shown, or bolts and nuts as in fig. 9. 

When the pieces are intended to be placed vertically, they are 
joined by tenons and mortises, as shown in fig. 32. 

We have now shown in succession the principal joints used in 
carpentry. Custom will teach us how to modify their proportions 
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according to the work that is to be executed, and with due regard 
to the quality of the wood employed. 

In executing joints we should never deviate from the rule which 
enjoins that the projections formed by the grooves and sections at 
the end of one piece that is to be joined into another shall be 
according to the grain of the wood and without interruption, in order 
that no splinter may break away. Dovetailed joints, and the form 
of scarf as in fig. 4, Plate III., are exceptions to this rule; but 
we may rest assured that their length and the inclination of their 
sections are such that there can be no reason to fear the breaking ofif 
of any of their parts. A second rule which ought to be adhered to 
is that the divisions and grooves cut out to receive the joints must 
not have any part of the same kind weaker than the others since 
they must aU resist pressure equally. ^ 

The Strengtheiiiiig of Beams. 

We now turn our attention to the methods of strengthening beams 
the first we take up coming under the term or designation of built 
beams.” 
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When we wish, to increase the strength of a beam which, besides 
its own weight, has to support a load too heavy for its natural section 
or dimensions, we have recourse to different methods which we are 
now going to point out. 

We might at ffrst rest satisfied by placing a second beam by the 
side of a beam which is too weak, and thus sharing the weight 
between the two ; but, in this case, the resistance of the two beams 
would be simply equal to the amount of the resistance of each. If, 
on the contrary, the pieces are united by well arranged and secured 
joints, or if they are bound together by bolts or hoops, in such a 
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way that from their union may be obtained a solid body, all the 
pai;*ts of which shall be conjointly liable, so as to remain in juxta- 
position at the time of bending without the possibility of slipping 
one against the other, we shall obtain a great increase of strength. 

To obtain the result which we have just pointed out, we join 
pieces of wood in the form as shown in fig. 7 6 ; but we must remark 
that the arrangement of the grooves is very important relatively to 
the effect which they are to produce. If we have two pieces of wood 
superposed one upon another, as the beam a a upon 5 h (fig. 74), not 
fastened together, and surmounted by a weight placed in the middle, 
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this load will make them bend, as in c d! (fig. 75); thus the points of 
the upper piece will have slipped over the under piece. It is this 
slipping which must be prevented by means of a joint, so as to give 
points of resistance, and we obtain this by making grooves like those 
represented from f io g (fig. 76), and by securing the two pieces 
together by means of bolts. By this arrangement the bolts are 
subjected to very little strain. It is easy to understand that if the 
grooves were made the contrary way, as in fig. 77, they would have 
no effect ; we must, therefore, before fixing their position, take into 
account the amount of strain which they will have to resist. 
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Practically it would be very difficult to make the grooves, such as 
we have just pointed out, with such precision that there shall be no 
'space left between the faces of the grooves. Yet it is evident that 
if the grooves are not firmly fastened together we shall not obtain 
the desired effect. To obviate this difficulty we have recourse to 
keys or square trenails made of hard wood, driven firmly between 



Fig 77. 

the grooves, as we have already seen illustrated in fig. 4, Plate III., 
and as shown in fig. 73# 

As the resistance of wood is much greater according to its length, 
we have recourse to another kind of iron brace, which consiKsts in 
strengthening the beam by means of two pieces, as a and h (fig. 78). 
These two pieces have the tendency to swerve or bend from the 



straight line in consequence of the weight which they bear, and 
consequently divert or change the pressure in the direction of the 
length of the beam c d, as shown by the arrows. The illustration 
shows two ways of joining the pieces a, h, to the beam c by means of 
one or more scarfs, as at the piece a. The two pieces butt at the 
upper ends, and are united by an iron hoop or band e, as shown. 
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Pig. 79 is also composed of two pieces, a and I ; but these are 
pparated by a horizontal piece. A, to avoid giving too great a height 
in the middle of the beam, p, p, are bands or hoops of iron binding 
the whole. ^ 

In fig. 80 the upper part of the beam is cut in a curve, so as to 
make the ends only two-thirds of the height of the middle ; then, 
upon this first piece is placed a second, which is bent by means of 
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bands of iron, 1 1, m. such a way as to make all the parts of the 
beam join exactly. This arrangement very nearly doubles the strength 
of the piece. 

In another method of building beams the two pieces have grooves 
cut across their faces into which keys are driven, and the whole 
secured by iron hoops. In fig. 81 we illustrate a method of forming 
an exceedingly strong beam out of thin planks or deals. It is gener- 



. 
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ally employed in the formation of curved rafters for roofs of large 
span j the planks are placed in contact with each other, as shown 
at ah c d ef/in fig. 81, and care must be taken that they “ break 
joint — that is, that the joint of any two contiguous pieces, as the 
joint m, shall butt against or be placed at the solid parts, as n and 
Pi of the pieces o o and q q. This may be taken as a section on a 
larger scale of assemblage in figure above on the line g h. The 
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diagram then further illustrates the system of ^‘breaking joint”; 
the joints k and I butting against the solid parts of the central piece 
j. "When we come to the consideration of roof framing we shall 
further illustrate the methods employed of forming built beams for 
the curved rafters of roofs of large span — ^proceeding now to the 
consideration of the second method of strengthening beams by the 
employment of the principle of trussing.” Some of the methods 

6 
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of scarfing of beams already illustrated may be taken as examples of 
built beams. 

Frammg.— Beams in Framework. 

When a beam of any length, as a a, fig. 82, is placed to cross Or 
span a void space, as between two walls, 5 6, a weight acting at c, or 
distributed along its whole surface, or even the weight of th© beam 
itself, gives the beam a tendency to fall down in the centre, as shown 
at / ^ in the beam ef g. If the weight acts entirely at the centre, 
as in the direction of the arrow the tendency of the beam to bend 
is at its greatest. Hence, in all framing the object of the designer 
is to distribute the weight over the whole beam as uniformly as 
possible. Thus weighted^ so to say, a beam can support or carry 
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a much heavier weight than when loaded at the centre. How much 
and m what way pressures act upon beams, and how they are calcu- 
lated, will he fully discussed when we come to consider the principles 
of framing. The bending of a beam is technically called its “ deflec- 
tion.” As we have said, all beams have a tendency to deflect j and 
of course the more carefully calculated and constructed, the less will 
be the amount of deflection. To provide for the deflection, beams 
when of wrought iron or steel are made purposely with a bend in 
the opposite direction, as in the diagram ii; so that when placed in 
situ, and the pressure brought to bear on its upper surface, as in th© 
direction of the arrow A, the deflection brings the beam down to its 
proper level line, as i L The amoimt of opposite flexm*o or curvature 
given to a beam thus is called its ‘^camber.” 
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The two principal strains to which materials are exposed in all 
framework are tensile and transverse or cross strains or pressures. 
A tensile strain has a tendency in a timber beam to tear its fibres 
apart in the ‘ direction of the length of the beam ; a transverse or 
cross strain or pressure has a tendency to break it across in the 
direction of its breadth. A tensile strain may be popularly described 
as a pulling, a cross or transverse as a pushing strain. The strain 
known as that of compression ” is that which tends to squeeze or 
force the fibres together, and may so disturb them as to cause a 
beam, as a vertical column of timber, to bulge out at one part, and 
thus be broken. A beam placed under such circumstances, sls a ah he, 
fig. 82, with a distributed load at upper side, or a single pressure 
acting at centre c, is placed under two distinct strains under the 
defiection. Thus let h in fig. 82 represent the central part of the 
beam a a, defiected by a heavy weight or pressure at c in upper 
diagram ; this defiection, shown in an exaggerated manner, gives a 
concavity to the upper side and a convexity to the lower. Under 
those circumstances the fibres on the top side are placed under 
compression, tending to force or (to use the popular term) squeeze 
them together in the direction of the arrows p, towards the centre. 
On the under or convex side, q, of the beam, the fibres are, on the 
contrary, pulled or extended outwards, as in the direction of the 
arrows r, r, from the centre q. The fibres are here thus put under 
a tensile strain. The combination of the two strains — that of com- 


pression (known also as compressile or crushing ”) at the top 
surface, p p, and of tension (‘‘ tensile strain) at bottom, r r — if 
carried far enough, will break the beam. The youthful reader is 
recommended to take a thin strip of wood and bend it round : he 
will, by carefully examining the effect of the strain or pressure thus 
put on it, have a fair idea of how the two strains act. The effects 
we have just described are precisely of the opposite character in a 
beam defiected or bent in the opposite direction, as duth hi in fig. 94. 
The fibres on lower side are those which are under compression ; 


those of the upper under tension. Beams of timber are better 
calculated to resist strains of compression than of tension ; and the 
trussing ” of beams, as this work is called, has for its principal 
object the providing against the tensile strain to which it may be 


subjected. 


framing.— Strengthening of Beams. 


If the reader will remember what we have said as to the tendency 


of all loaded beams to defiect or bend downwards in their centre — a 


result also of beams of considerable length, the weight of the mate- 
ripils alone acting at h distance from the supports — and what are the 
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results of these strains upon the fibres of the wood, ho will seo how 
one method adopted in some cases of strengthening a beam by enabling 
it to resist the strains brought into existence in a deflected beam, or 
calculated to increase the deflection, meets the necessities of the case. 
The method consists in cutting out grooves in the upper side of the 
beam, and filling them in with wedges or keys of a very hard wood, 
as at g g, fig. 1, Plate VIII. The effect of this arrangement is illus- 
^trated in the upper diagram in the figure. If a triangular-shaped 
groove, a, is cut out across the face of a beam, h b, before it is placed 
m position, when so placed the pressure put upon it causes deflection ; 
and from what has been said in connection with diagram p p in 
fig. 82, the groove a, in fig. 1, Plate YIII., will bo closed either 
partially or wholly according to the degree of pressure, this acting 
in the direction of the arrows c, c. But by driving in a wedge of 
hard wood, as at d, the pressures still acting in the direction of the 
arrows 6, /, will be resisted ; and the harder the wood of cZ, and the 
more the pressure of e /resisted, the less tendency will there be in 
the beam to deflect, as at / or in fig. 82; and thus the tendency 
of the pressure to put the fibres of the under side, as q, under the 
strain of tension, will be prevented at the point where their action 
is greatest— and which strain of tension we have seen that timber is 
least calculated to resist 

Of all materials used in construction, wrought iron is the best 
calculated to resist tension or tensile strains, cast iron to resist 
compressive or crushing forces. These two materials, therefore, we 
find, have been largely used in the trussing of beams. Thus the 
wedge d, or the keys or filling-in pieces g g, of hard wood in fig, 1, 
Plate YIII., are, as we have seen, put under a strain of compression 
or crushing ; but by substituting for wood cast iron, we obtain a 
material much better fitted to resist compression than oak or other 
hard wood employed in construction. If cast iron be used, it is the 
best way to employ it as a plate let into a recess cut in the upper 
side of the beam near its centre. This is partly seen at h in the 
beam i i, fig. 1, Plate YIII. Pig. 6, Plate YIII,, illustrates methods 
of securing the cast-iron plate used as at h in fig. 1, Plate YIII. 
This^ rnay be done either by bolts and nuts, as at q g, r s, sliown in 
detail in section at / g hi] or, to obviate such weakening of the 
beam as bolt-holes might cause, the plate may be secured to the 
beam by bands or hoops of wrought iron, as a 6 c d — in side elevation 
at e e — and shrunk on ” while hot ; or the hoop may be made in 
split hoop, as at h Tc, brought together when passed over the beam, 
and secured by the small binding bolt and nut m L To secure the 
full effect of the cast-iron plate, it should be let into the upper side 
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of beam, as at q q — not merely laid on the surface, as at n n — as 
the strain in this case is brought chiefly on the bolts or hoops; 
whereas by the method shown q qr s the strain is brought chiefly 
upon the beam in the direction in which it is strongest, and partly 
only upon the bolts or hoops. 

Some years ago the Society of Arts awarded a prize to a Mr. Smart 
for an improved method of strengthening a beam on the principle of 
compression, as illustrated at d in fig. 1, Plate YIII. In the beam 
a a, fig. 3, Plate VIII., a narrow part is cut out, or a thick saw 
draught is made, as at h h, and near the end of the beam a triangular 
or wedge-shaped part, as c, is cut out, to a certain depth across the 
upper face or edge of the beam. This is done at both ends ; and 
the part h extends along nearly the whole length, stopping short 
at some distance from the parts cut out, as at c. The beam is thus 
partly divided into two in the direction of its width or thickness. 
In the centre of the upper part d a piece is cut out. This is of 
width sufficient to admit a hard- wood wedge of the form as shown in 
section at a, in fig. 2, Plate VIII., or it may be made of cast iron. 
Before this is inserted, the upper parts, as d, fig. 3, same Plate, are 
lifted up. This can be done without breaking them off from the 
lower part, as a a, inasmuch as the open grooves at c close from 
the compression of the fibres in the direction of the arrow /. When 
fully lifted the parts cut out at o close up, with the block a, fig. 2, 
Plate VIII., inserted. This makes the beam assume the form shown 
in the figure, the upper part, h h, being separated from lower, c c, 
by the triangular opening d d. We look upon this principle of 
strengthening beams as capable of being adopted with useful effect 
in a wide variety of work. A modification of the method illustrated 
in fig. 1, Plate VIII., at dy is shown in fig. 4, same Plate. In this 
a saw draught is cut out across the upper face of the beam, and it 
is then bent upwards till the saw draught opens, assuming the form 
of a triangular opening. Into this the block of hard wood or of 
cast iron, a, is inserted, when the pressure keeps this tight. By this 
arrangement a small beam may be made capable of bearing a much 
greater weight than it would do in its onginal form. So also is this 
the case when the beam is treated as in fig. 5, Plate VIII. In this 
the saw draught or piece cut out, as at 6 6 in fig, 2, Plate VIII , 
extends to very nearly the ends of the beam, and is there strength- 
ened by iron hoops, as at a. The two parts, as 6 5, a a, are then 
opened and extended, and two wedge-shaped blocks, as at d e, but in 
reversed position, are inserted. This is a modification of the method 
illustrated in fig. 2, Plate VIII. 

We have just said that wrought iron is admirably fitted to resist 
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tensile or pulling strains, and that advantage is taken of it in truss 
mg beams to strengthen them. The simplest way is to secnro a 
plate of wrought iron, as j, hg. 1, Plato VIII,, to the utKl(3r side of 
the beam 7c ■ but, although this is a position well fitted to resist those 
tensile strains at the under side of the beam to which all beams aro 
more or less subjected — even a beam supporting, as wo have soon, 
only its own weight — ^yet this method has obviously itKS ineonvonicmcos, 
and another is preferred in practice. This is illustrated in fig. 7, 
Plate VIII., and which represents in diagram what is called a 
‘^ditched” or sandwich’^ beam. The derivation of these names, 
especially the latter, is obvious enough, as they indicate that a plate 
of wrought iron is placed between two wood or timber beams, and 
the whole bolted together. The top diagram illustrates the whole 
beam, a b, as thus ditched in elevation ; the centre diagram one of 
the beams — the off one, c d — with the wrought-iron plate shown in 
lines. The lower diagram is a plan of top as looking down upon 
the whole beam, e f being the off beam, g 7h the near one, with the 
plate of wrought iron between them. In fig, 1, Plato IX., the 
upper diagrams show in detail the method of flitching a beam, i and 
g being the two beams at the end, with the sandwich or ilitch 
of wrought-iron plate, secured by the bolt and nut at I m passing 
through the whole. Bolts and nuts are in this case passed through 
the central part of the beams and flitch, as at ^ not merely 
at the ends, as in‘a and 5, fig, 7, Plate VIII. In place of the iron 
plate lying or pressing on the surfaces of the two beams, as at s % 
the plate may be let into one of the beams, as at o and r; or a part 
equal to half the thickness of the plate may be cut out of each b(‘am 
face, as at y in the lower diagram!, in which wwx are the two beams 
in part plan. In either of these arrangements the two faces of the 
beams can be brought up close to each other; and another advantage 
will he obtained — that the ends of the plates would butt up against 
solid timber, and thus act in some measure as a compressive stiain. 
In trussing beams on the methods now to be illustrated, iron in 
its two forms of cast ” and wrought is used in combination with 
the timber beams, the cast iron to resist compressile,” the wrought 
i:mn to resist “tensile’^ strains. How they are used to perform these 
offices we now proceed to, show ; taking first the trussed beams in 
which cast iron is used. 

^ Plate VIII., gives in diagram one arrangement for truss- 

ing. The upper diagram represents the method in which the two 
beams to he placed together — one of which is shown at a c d , — 
cast-ii'on bars, one of which, e, is vertical in the centre 
of the length of the beam, and two, /and inclined at an angle to 
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this ; the inner and upper ends butting against the upper end of 
vertical bar e, tho other and outer or lower ends butting against 
bolts passed through the beam. These bars are placed between the 
two bourns, and take tho place of the wrought-iron plate used in 

flitching '' or sandwiching a beam as illustrated in fig. 7^ 
Plato VlII-, and in fig. 1, Plate IX. In the middle diagram in 
fig. 8, Plato VIII., the arrangement is shown of another method of 
trussing beams with cast-iron bars. In this the off beam, h h 4, is 
shown in side elevation, two inclined bars of cast iron, j h, butt 
against bolts in pairs at their feet or lower and outer extremities, 
and at their heads or upper ends against the ends of a horizontal 
bar, i i, also of ca*st iron. In both cases two thin beams or thick 
planks are used, in order by trussing to make one strong beam ; and 
placed in juxtaposition, as in the method of Hitching ’’ illustrated 
in fig. 7, Plate VITl., and as at Z Z, m m, fig. 8, same Plate, have the 
assemblage of cast-iron bars placed between them, as shown, n n 
being top edge of tho bar iim. central diagram, o o the top edges of 
bars 4, 4, in same figure. In this case the bars are held in position, 
and they and the two beams thoroughly secured, by screwed bolts 
passing through the beams at convenient positions at their ends and 
centres, these bolts being brought hard up by the nuts with which 
they are provided. 

The method of trussing just described, as well as that of Hitching 
in fig. 7, Plate VIII., has this great advantage in the case of a thick 
beam, — ^that it may be sawn longitudinally into two, and thinner 
beams, and the sides which originally formed the central part of the 
beam, turned outwards in the trussed beam. This exposes what was 
the centre or heart of the original beam, and allowing it to be 
exposed to the air it gets thoroughly seasoned, and the decay pre- 
vented which often sets in in the heart of thick beams which are 
difficult to season throughout the bulk. In fig. 9, Plate VIII., we 
illustrate part of the centre and part of the end of a beam trussed 
with iron bars, either cast or wrought, although ca^t iron is better 
constituted to resist compression than wrought iron. In this the 
central bar, as e in fig. 8, Plate VIII., is dispensed with, and the 
bars, as/ <7, simply butt against each other at their upper ends, as 
at e e, the ends being cut off in a vertical line. The lower ends, as 
hcd^ixx place of butting against a bolt passing through the beam a — 
this bolt forming one of those which secure the two beams together — 
is let into the face of the beam at in fig. 1, Plate IX., so that the 
thickness of the part cut out gives a butting place for the end of 
ah c d. The bar h c df e is oi course let into the beam along its 
whole length, and so that it is either flush with the surface of the 
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beam or sinks so deep tkat its surface may be a little below the 
surface of tbe beam into which it is sunk. 

In the case of large beams which are irusstuh a more complete 
method of adjusting the iron trussing bars is adopted. Tluh di^tails 
of one or two methods are shown in ligs. and R, Plate IX.; the 
general arrangement being as in ihc‘ upper diagram a b c d in iig. 8 , 
Plate VlII. In the method illustrat(‘d in tig. 2, Plaice IX., the 
upper ends of the inclined bars, as A, % corresponding iofg in upper 
diagram in hg. 8, Plate VIII., butt against a cast-iron bead c n at 
tbeir ends,/, g. This bead ceis made thick enough to admit of a 
bolt-hole to bo formed in it, ibrougb which is passed a bolt d 
which passes down to the under side of the beam, and is provided 
with the usual form of projecting liead which presses againsi* the 
bottom edges of the two beams, whore the holt is screwed Jiard u]) 
by the nut c e. To prevent the nut from sinking into the upper 
edges of the beam, as a a, and to give it a good bearing surface, it 
is in good practice usual to give a pressing plate of wrought iron, as 
shown at b through which the holt d d passes, and against which 
the nut is jammed or screwed up. This pressing plate b b is shown 
as let into the top edges of the beam so as to bo ilush with their 
surfaces. The plan of arrangement in upper diagram in fig. 2, 
Plate IX., is shown in the lower diagram ; in which d a! is one of 
the beams, h h the other placed in juxtaposition, U V the pressing 
plate corresponding to b b, resting on top edges of the beams or let 
into their surfaces, against which the nut d d is jammed or screwed 
up, d' showing end of holt. In^ some cases the butting head is not 
placed between the beams and hidden between them when placed in 
the position as at e e in fig. 2, Plate IX., hut is in place of being 
made of cast, formed of wrought iron, as at e e, fig. 3, same Plate. 
The lower end of this is forged so as to narrow at the point p, and 
is from that point continued downwards to form a holt i, which is 
provided with the usual head, which is large enough to lake a good 
hold or grip of the under edges of the beams. The head c e is itself 
of course fiat, so as to give fiat edges, as shown at d in edge or side 
elevation to the right of e e, and the bolt i or “ tail ” may bo fiat 
also, or it may be rounded, as bolts usually are. The upper part of 
the head e e is extended upwards, as at h, and this part is of course 
rounded, as it has to form the screw bolt by which the head is 
jammed down or held in position by a nut, as at c c in fig. 2, 
Plate IX. The head e e, fig. 3, Plate IX., may he firmly secured to 
and held in position between the two beams — each half in a trussed 
beam being generally termed a “ fibitch by having a bolt-hole as 
shown in the centre near p; through this a bolt is passed, and passes 
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also through both beams, and is screwed up in the usual way. The 
lower ends of the bars — technically termed ^'struts” or braces/^ 
generally '^struts’’ — correspond to the bars /, g, in the upper diagram 
in fig. 2, Plato IX., and are disposed as shown in fig. 3, same Plate. 
They press against butting pieces, y, 7c, the upper parts being extended 
upwards in tho form of a flat bar or bolt provided with the usual 
“ head ” made broad enough to take a good grip of the upper edges 
of the two flitches or beams. Tho butting pieces, asy, k, are m the 
other or lower direction extended downwards in the form of a round 
bolt, m m, which is screwed to receive a nut which is jammed or 
screwed up against pressing plates, as 5, Z), fig. 2, Plate IX., resting 
or let into tho surfaces of the lower edges of flitches or beams. The 
arrangement hero described may, however, be reversed, the upper 
part of butting piece J k being extended at J so as to be finished at 
end as a screwed bolt, the nut and piessing plates being at the upper 
edges of the beams, while the lower parts, as m m, are kept flat and 
provided with heads, as usual. In some cases the heads or upper 
butting pieces, as e e in fig. 2, Plate IX., in place of being concealed 
betw'jen the beams or flitches a a, being below the upper edges or 
surfaces, are wholly above and rest upon them. In this arrangement, 
sh^iwn in diagram in fig. 3, Plate IX., at aa^hh, c in which a h 
i?/the head hutting-pioce, d the bar corresponding to hg (fig. 2), and 
{s the bolt-hole, pari of the ends of bars being seen above the beams 
or flitches. The lower hutting-pieces, as j h, are always concealed 
within the beams. These may be let or sunk into the beams, as at 
c in fig. 9, Plate YIII., in order to have a butting or resisting point ; 
but this is provided usually by bolts, as at o (fig. 3, Plate IX.), 
against which they press, those holts passing of course through both 
beams, and being jammed or screwed up with screw-bolt and nut. 
Or the lower butting-piece, ^ maybe itself bolted to the two beams, 
the bolt passing through a bolt-hole as at thus affording the 
necessary resisting point. 

Those of our readers acquainted with roof ” trusses (see succeed- 
ing paragraphs on Roofs) will perceive that the two methods of 
trussing beams illustrated in the diagrams in fig. 8, Plate YIII., are 
arranged on the principle of the king post ” {ah c d eff g) and 
queen post ” {h h i ij h) principles of trussing. The same methods 
are adopted in "trussing beams with wrought iron; hut as this 
method is best suited to resist tensile” or pulling strains, the 
ordinary arrangement of the king post ” and queen post ” tritsses 
are reversed. Thus, in fig. 6, Plate IX., the upper diagram is the 
** king post ” truss, but with the angles of the parts c d in the 
opposite direction to f g, corresponding parte in fig. 8, Plate YIII. 
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And in tlie Jower diagram, h h in fig. 6, Plate IX., the queen post 
principle of trussing is shown, but with the parts h i, corresponding 
to^‘ him fig. 8, Plate VIII., reversed. And this, as just stated, is 
done in order to meet the different conditions in which the inatcuhil 
of the trusses is placed. Thus the parts f g,j h^ in fig. 8, Plate VIIL, 
are struts or braces calculated to and so placed as to resist (H)ni- 
pressile strains or a crushing force ; the parts c d and h lig. (>, 
Plate IX., to resist tensile strains, or a pulling force. 

In fig. 5, Plate IX., we give to larger scale the elevation of central 
part, and in fig. 10, Plato Vm., the plan of under or lower side of 
fiitches or thin beams trussed on the arrangement shown in upper 
part of diagram in fig. 6, Plate TX. In fig. 5, same Plate, a h is one 
of the flitches, c d the wrought-iron tension rod , this passes I'ound 
the part e, the lower edge of which is rounded to admit of the bent 
part of c d pressing equally against it ; the part e forms the lower 
termination of the bolt /, which is screwed to and jammed u]) by the 
nut h and pressing plate g against the upper edges of the beams or 
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fiitches. The part e is wide or broad enough to Jtiave a good pressing 
surface against the lower edges of the beam, as shown in the plan of 
fig. 5, Plate IX., in fig. 10, Plate YIII. Puller details of the 
arrangement at central part of the truss, and of the method of 
securing the upper or outer ends of the tension rods c d, will be 
found illustrated in fig. 4, Plate IX. 

In fig 83 we give in larger scale the central part of the queen -post 
arrangement of trussed beam in i ij, fig. 6 , Plate IX. In this there 
are two bolts and heads, SiS b h placed at same distance apart, 
between which the tension rod is horizontal, as at d, and on passing 
round the heads c c are screwed up at an angle to the upper curves 
of ends of beam, as shown in fig. 6, Plate IX., at h % and secured in 
the manner illustrated in fig. 4, same Plate. Fig. 84 (in text) is 
plan of under side of the truss in fig. 6, Plate IX . ; fig. 85 (in text) 
being plan of top side, showing the pressing plates / f for tightening 
up the truss. And it should be noted here by the reader that this 
tightening or screwing up of all trussed beams, in which iron is 
combined with timber, is done to such an extent that the truss as a 
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whole has an upward bend or curvature, so that it is reversed as at 
ij i in fig. 82. Tiiis provision is known, as we have explained in 
connection with thiws figure, as the camber’' of a beam, and the 
ainounb is su.*h, as there stated, that when the beam is placed in 
|)() ation a,nd support iug or carrying its load or weight, the deflection 
(^aiisod by the pressure brings down the beam to the level or straight 
line, as at c in flg. 82 (in text), 

Jn iig. 4, Plate IX., we give the details of the parts of beams 
trussed with wrought-iron tension rods, as in preceding figures above 
described. The diagram a a f I g shows in section the central part 
of a beam, as at h m fig. 5, Plate IX., in which g is the tension rod 
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passing round the head h of bolt d, secured up by tbe nut c resting 
on the pressing plate, as shown. The lower diagrams show two 
methods of securing the upper and outer ends of the tension rods/ 
and <;. In the first to the left hand, is the beam, q the tenaon 
rod or “ tie.” To adjust the nut, as the end s of the beam is at right 
angles to its length or squared off, and as in all cases the pressure or 
strain brought on the tension rod q must be in the dmection of its 
length, if the same nut as t in the pressing plate against which it 
rests were placed against the square end r of the same beam pp, the 
strain on the rod q would obviously be out of the line of its length 
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The face of the pressing plate s, against which the nut t is jammed or 
screwed up, must therefore be at right angles to the line of direction 
of the tension rod q. This is effected by giving the form to the 
pressing plate s, as shown, which, flat on the one or inner side 
against which the end of the beam fp presses, and angular or oblique 
on the other or outer side, enables the strain put on g by the nut t 
to he in the proper direction, face of s being at right angles to q. 
Where the pressing plate is flat, as at w in the lower ^agram to 
the right-hand side, the end of the y must be cut oWique^ so 
that its face is at right angles to the line_ of 
rod y. In some ca.ses no pressing or 3 amming-up plate is used, the 
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nixt pressing only upon the face of end of beam ; in which case the 
end of beam must be cut obliquely, as shown at v w. But the prac- 
tice is not to be recommended : a pressing pLite should always bo used, 
and that of as large a surface as possible. For it is a maxim in all 
good and sound mechanical construction that all prcssui'cs shouUl bo 
distributed over as wide a surface as possible. Ileru^o, if no prtsssing 
plate is used, the nut, as t or x, must bo unusually large in cross- 
section — out of all ordinary proportion to the bolt or end of tension 
rod, so that a broad base is given to it. In place of the a.i*rang()- 
ment for central bolt and head shown m hg. 5, Plate IX., and lig. 10, 
Plate VIII., and a dh in fig. 4, Plate IX., the arrangement shown 
in last figure to the right of the upper diagrams is used for large 
trussed beams. In place of a bolt and head, as at d A, the beam iis 
i i, diagram to the right at top of fig. 4, Plate IX., is embraced by 
the upper part, j j, of a cast-iron strut or bracket, shown in section 
in diagram below to the left hand at The bracket or strut is 

continued downwards from I, where it joins the head jjy and is 



rounded edge of which the tension rod ojp is bent. This edge of the 
part n is hollowed out. as shown m side view at n', so that a recess 
or hollow is made, into which the tension rod as d passes, and is 
prevented from slipping sideways. In fig. 7, Plate IX., wo give on 
larger scale the side view of a beam trussed in this way, in which a a 
IS the beam, 5, 6, the struts or brackets bolted to the beam, as shown 
also at h in fig. 4, Plate IX., c c the horizontal part of the tension 
rod, bending upwards at either side, d e. In this form the outer and 
upper ends of the tension rods, as d, e, may be secured in a differemt 
way from that illustrated Sit p p^uVjixi fig. 4, Plate IX One method 
is illustrated in fig. 7 at e /, / being a cast-iron box or clip embracing 
the end of the beam, in the recess of which the beam rests as at i',ff 
in fig. 4, and provided with a “ snug ” or projecting lug /, to which 
the end of the rod e is secured, the end being furnished with an eye 
through which a bolt is passed connecting it with the »nug ” or lug, 
and secured by a nut, 
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Trussed, or ns tlioy ai’O ofieii called open trussed girder beams, 
are sometimes formed wholly of timber. In figs. 86, 87 (m text), 
we give various forms, of which we shall have more to say in suc- 
ceeding paragraphs. In fig. 86 the upper diagram is on the “ king 
post " (see Roofs), the lower diagram on the queen post ” principle. 

These arx*angements assume as a whole the forms of rectangular 
structures, as does also the lattice-trussed beam in the upper diagram 
in fig. 87. In the lower diagram the beam assumes quite another 
form. 

Some Points connected with G-eneral Pramework. 

Having in preceding paragraphs illustrated and classified the 
various forms of joists used by the carpenter in the construction of 
framework, we now proceed to illustrate the various classes of that 
frame-work, or — to use the more frequently employed term — framing 
constructed of timber. Those classes of framing most generally used 
are exemplified or met with in house construction, and are known 
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Pig. 87. 

as floors, partitions, and roofs. But, in addition to, these kinds of 
framing, there are several varieties met with in what may be called 
general work, such as the various forms of scaifoldmg and timber 
bridges, and that wide class of work in which the labour of the 
carpenter is combined with that of the mason and the engineer and 
machinist, as in harbour and dock work, canals, railways, and mining; 
and in the various classes of work in which the mason and the 
engineer or machinist are concerned. We propose to give one or 
more examples of each of these various departments of construction, 
so as to afford to the student of this important class of timber fram- 
ing as wide a series of examples as our space will admit of, which 
will serve him in a directly useful way as a guide to his practical 
work of the future, either as examples to be directly followed, or as 
affording suggestions for designs of his own. 

Previous to entering upon the description of these various classes 
of timber framing, we deem it right to give a few remarks on some 
essential points connected with the execution of framing. These 
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remarks are cliiefly connected with vortical framing, such as parti- 
tions, roofs, scajBEblding, etc., but are more or less applicable to all 
kinds^of framing, as doors and horizontal construction. In order 
that two pieces of wood which meet may give to each other a mutual 
support without either of the two having a tendency to make the 
other turn on its axis, or, to use the popular expression, on its 
side,’' or to “ turn over,” it is necessary that the axes of the two 
pieces should pass through a common point. It follows that the 
axes of two pieces of wood joined one to the other should bo in the 
same plane, and that, with rare exceptions, thoii* genoial plans or 
surfaces are in planes parallel to that of the axes, and conscxpiontly 
the faces of the assemblage or combination are all normal to tluvse 
same planes. This system, whatever besides may be the forms which 
result from the combination of the pieces, constitutes a species of 
framing which takes different names according to the different posi- 
tions in which it is employed. 

If the joints were cut with rigorous precision, all the pieces of a 
framing erected vertically would work exactly in the plane of their 
axes, and the system would remain in a state or condition of complete 
equilibrium. But, notwithstanding all the care that may be t-aken 
with the work, we cannot hope for such perfection ; besides, lateral 
thrusts created by the general building or structure itself exert upon 
a framing a strain or strains which tends to make it lose its proper 
form, and would inevitably overturn it if it were not supported by 
other parts which cross it, prevent it bending or leaning in any way, 
and secure for it perfect stability. Each framing representing a 
plane surface, it will be easy to draw it, pointing out on the drawing 
itself the actual length of the pieces which compose it. 

In drawing the plan of any framework, the simplest and easiest 
process consists in imagining at first that the component pieces wo 
desire to use are indexible rods, possessing neither width nor thick- 
ness — that is, mere lines. We draw in reduced proportions, and 
separately, the partial plans of the different framings, by simple linoB 
which represent these lines on the axes of the pieces. Among the 
figures which result from the combination of the lines in each draw- 
ing or framing, there are some which should in the first place suit 
the forms which the destination of the construction requires. Other 
figures, which are of no slight importance in the plan, should insm-e 
the stability of the construction. This drawing should show the 
position of the pieces of wood which should be common to the different 
framings which cross each other in the general design, if more than 
one. The principal lines of the plan being thus established, we add 
to it those which represent the auxiliary pieces, having as an object 
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tyilher to ninltiply tlie number of the numerous points which add to 
the rigidity of the framing, or to strengthen some parts which the 
flexibility of the wood would render too weak, or in short to dis- 
tribute the strains or pressures so as to meet or resist certain strains, 
or transmit them to strong points capable of resisting them. When 
we have thus satisfied all the conditions, and in all the framings, by 
linear plans naado and drawn on a scale proportioned to the clea.rness 
of the details which we must afterwards add to it, we draw, by other 
lines parallel to the first, and on the same scale, the thickness of the 
different pieces, in order that they may have the strength required 
by their situations and the functions they have to fulfil, commencing 
(vith the most important or those which are the highest, and which 
have the least strain or blio least weight to support. The drawings 
which this first work gives correspond to those which architects call 
plans and sections, and are made according to the principles and 
practice of descriptive geometry. These drawings, figuring carefully 
all the necessary dimensions, to fix exactly the position of all the 
pieces and point out their general relations, usually suffice to guide 
the carpenter in forming the projected framework. 

In general, the pieces of wood used in carpentry are not prepared 
with such precision that we can, as in other departments of construc- 
tion, trace on their surfaces by rule and compass, or by templates or 
models of full size, lines which should determine their dimensions in 
length and the position of the joints. The pieces of wood are of a 
shape, size, and weight, which do not admit of moving them easily 
and turning them in all directions, as rendered necessary by the 
number of operations required. Besides, in drawing each piece inde- 
pendently of those which should be joined to it, we should introduce 
into the position and the shape of the different joints errors or mis- 
takes which it would be almost always impossible to correct when 
they were placed in situ or in position. In the art of the carpenter 
there is therefore a method of drawing on the large scale similar to 
that employed by the shipbuilder, in which no joints are drawn with 
precision. He draws upon a large surface — ^in the art of snipbuilding 
it is called a drawing-floor — the design of the framing in full size. 
This drawing is often called by the name of the lines ” or the 

working lines ” of • the design, as it contains only the lines which 
are stiictly necessary ; these lines are the axes of the pieces, or the 
repi eduction on a large scale of the linear plan which we have 
already alluded to. 

In order that the axes of the pieces should be exactly vertical to 
the lines which represent them on the working lines,’’ it is neces- 
sary that these axes should be drawn on the pieces of timber forming 
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this framing. This operation is effected by means of a line. In a 
framing, as for example a partition, the pieces of which should 
exactly square, the lines of junction should be straight and pcsrpt^ii- 
dicular to the plane of the axes of the pieces, and to each of their 
faces which are parallel to them. 

We have further to remark that consequently, if a partition, wluit- 
ever otherwise may be the position which it is to have in a building, 
is supposed to be inclined horizontally, so that the plane of th(3 axcis 
of the pieces of timber which compose it is level in all directions, all 
the lines of junction are vertical, and a plumbline, which can bo 
applied and ‘which coincides perfectly with them, is tangent at the 
same time to the two normal surfaces, which form by their molding 
these lines of junction. 

It is upon this observation that the principle of setting out the 
work of framing is founded. Consequently, to proceed to the scdiing 
out of a framing, as for example that of a partition, we lix all the 
pieces of which it is to be composed precisely perpendicular upon the 
places that they are to occupy in the framing, and which wo have 
already marked on the drawing door in full size. We place thestj 
pieces one upon the other, crossing them according to the plan, and 
of the length necessary for the plan of the joints; tho normal sur- 
faces of all these pieces are in the same vertical planes that they will 
occupy when joined in the horizontally inclined side. 

We see, then, that it is easy to mark on the normal surfac(VH tho 
lines of junction ; for they are the mutual outlines of tho prolonga- 
tions of the planes in which these surfaces are found. We can thus 
easily trace these lines of junction by the aid of a plumhlino or tho 
square, which will he at the same time tangent to tho two 8urfac*(!B 
which are to he joined, and which will coincide on each with tho 
line of junction which is to he traced on it. This position is ilicuj 
marked by two points pricked or traced on each surfa(‘e with tbo 
point of a tracing point or spring bit. This process, which is at tlio 
same time the most exact, establishes in the work a perfect order 
which economises much time. ‘ The carpenter then proceods to tho 
making of the joints, which no longer presents any difficulty, and 
according to the methods described in preceding paragraphs. 

If the same framing is to be repeated several times in tbo same 
building, the carpenter generally makes use of the same working 
lines laid down in full size upon the drawing floor or ground, taking 
care to set aside the framings already made, after having distin- 
guished each of their pieces by a particular maik, in order that in 
the operation of building or setting the framework up wo may not 
confuse them with one another. 
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The commonest system of marking is that in which we make use 
of capital letters and Boman numerals. The letters other than 
Koman are employed in preference to mark with the same letter all 
the pieces of the same kmd, in order not to confuse them with the 
numerals which serve as data for the joints, and which maybe called 
counter -maiks. Other lines may be also adopted to mark the top, 
the bottom, the right, the left of the framings, in order to recognise 
more clearly the position that each piece should occupy when set up 
in position in the building or structure. 

Special Framework. 

‘‘Moors’^ serve to form the areas of the different stories of a house. 
They are generally composed of “ beams ” or girders ox “ binding 
joists,” and flooring boards or planks. Beams or girders are strong 
pieces of wood, the ends of which rest on the walls. Binding joists 
are pieces of smaller dimensions jointed transversely to the beams, 
and the joists ” are still smaller in section, and support the flooring 
boards or planks forming the walking surfaces of the floor'. Some- 
times floors are made -without beams, but in that case it is necessary 
to increase to a certain extent the dimensions of the joists. The 
flooring boards vary in thickness and in width from 3| to 5 or 6 
inches ; they are secured side by side on the joists, and in this way 
the upper part of the floor is made. Methods of laying flooring 
boards come generally under the work of The Joiner ” (which see). 
Floors or floor framings are of three kinds or classes. The first 
kind comprehends single floors,” composed of parallel joists resting 
by their ends upon the walls. There are no beams or binding joists 
in floors of this kind. The second comprises floors composed of 
“ binding joists ” resting upon the walls, and the ordinary joists 
placed transversely upon these. In the third class of floors there 
are three distinct kinds of members : first, heavy beams, generally 
called “girders,” which rest upon the wall, either built into it directly, 
or resting in and upon stone templates or cast-iron boxes built into 
the wall in the manner hereafter to be explained. Those girders or 
large-sectioned beams themselves support or carry “binding joists,” 
which run in a direction transversely or at right angles to the 
girders. Those binding joists carry the ultimate member of the floor 
— namely, the ordinary flooring joists. In all the three classes of 
floors the flooring “ boards ” finish the work. This part of it comes 
more properly, as we have said, under the category of joiner’s work, 
and so also the construction and fitting of the “ skirting board ” or 
“dado,” these being constructions designed to give a finish to the 
floor and the room by concealing the void space left all round the 

7 
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floor where it joins and is terminated by the walls. Wo shall now 
describe and illustrate in detail the three classes of floors we have 
just described in a general way. These three classes, the reader will 
perceive, are in ascending order, the first named being the simplest 
and used only for floors of small plan or narrow widths between the 
walls, the second for heavier floors of greater span, the third for 
floors still “heavier” — this being the technical expression generally 
used — and of the largest span or width between the walls or points 
of support. 

Taiing them in this order, we now proceed to illustrate and de- 
scribe the simplest form, which is known as “ the single floor.” This 
is illustrated in plan — and section in the lower part of diagram — ^in 
fig, 1, Plate VII. In this a aa represents the wall of the building, 
6, c, d the “ joists ” running parallel to one set of walls and at right 
angles to the other. They are equally interspaced over the floor 
surface or void space between the walls — that is, the intervals be- 
tween each are equal : a very usual distance being 14 inches from 
“centre to centre,” this technical phrase indicating that the distance 
is measured from a line running down or imagined to be running 
down the length of the joist in the centre of this thickness or breadth 
of edge, so that the actual space is always less than the “ distance 
from centre to centre ” by a width equal to the thickness of one joist 
or twice the half -thickness. In spacing the joists, the first joist is 
often laid close to the wall or laid on an “oflset” formed at the 
point where the thickness of the wall of an upper story is reduced 
from that of the story below : this is done to give a support to the 
flooring boards quite close up to the walls. In other cases the first 
joist starts at a distance less than the interspace from centre to 
centre of the joists over the general surface of floor, as shown in 
tig. 1, Plate VII. Timbers should never be built in or inclosed wholly 
within the brickwork or stones of a wall, as at h h, as they are sure 
to be affected with the dry rot, a disease to which timber, placed 
even in the best of circumstances, is but too liable. Timbers in a 
building cannot be too freely exposed to the atmosphere. Building-in 
timber cannot, however, be avoided in many cases, as in ordinary- 
floors, as in fig. 1, Plate VII., in which the “ joists,” as c c c?, must 
rest upon the walls to find points of support. They do not 
extend to any distance beyond the walls, or even up to the outei* 
sides of these, but stop short of this, the lengths of the parts resting 
upon the walls — technically called the “bearing” — varying from 
one-third to one-half of the thickness of the walls. In cheap work 
in order to save timber in the length of the joists, the “ beaiing ” is 
generally the minimum. In cheap work the “ fineness ” to which 
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items of constmction are “ cut down ” — ^to use tlie slang expression 
commonly in use — can only be understood by those who have had 
practical experience of contract worl.” In fig. 1, Plate YII., we 
give the plan in A, and section in B, fig. 2, of a single floor, in which 
a a is part of one of the walls, h h the flooring joists, on which rest 
and to which are secured flooring boards, o c. In fig. 2, section in 
diagram b, the floor is supposed to be that of the lowest or ground- 
floor story of the house, d is footing of wall, 5', V ‘^joists,’' c' floor- 
ing boards,” c' e' ground line. Letters of reference indicate the same 
* parts in both diagrams A and B. 

In the second class of floor — the double floor ” illustrated in plan, 
fig. 3, Plate VII., A, and section b in same figure— a third member 
is added : the “ binder ” or binding joist ” or “ binding beam,” as in 
diagram a, fig. 3, same Plate; plan a a part of wall on which rest the 

binders ” h b. The better plan is to support the binders on small 
piers run up from the ground to floor level at c c in plan. The dis- 
tance between the binders” or binding joists, as h\ varies according 
to circumstances from five up to seven and eight feet : the distance 
in illustration is marked five feet. On the binders rest the joists ” 
or flooring joists ” c c — these running often at right angles to the 
line of binders ” ; and on the joists the flooring boards ” d d, 
parallel to the binders. 

In the third class of floor — ^the double-framed floor ” — ^illustrated 
in fig. 1, Plate V., and in diagram a, plan, and section diagram b, 
a fourth member is added : the girder,” often distinguished as the 
^^beam”; the members in the two preceding classes being in this case 
all termed joists,” as ‘‘ binding joists ” and “ flooring joists ” In 
fig. 1, Plate Y., a a is part of wall, b b the '‘girder” resting at 
the extremities on the wall in an aperture or cavity formed therein, 
but larger than the section of beam, so as to admit air to the end of 
the beam. The distance between the girders varies according to 
circumstances : ten feet is that marked in the drawing. The 
“binders” are framed or jointed into the girders, and rim at right 
angles to the same. On the “ binders ” rest the “flooring joists” d d, 
and on these the flooring boards e e. The section B, fig. 1, Plate Y., 
is that taken as looking at plan A in the direction of arrow/, fig. 2, 
Plate YII. Where ceilings are placed below the floor “ceiling 
joists ” are used, to which the lath and plaster are secured. There 
are small-sectioned joists or battens jointed to the under side of the 
joists in the case of “ single,” to the “ binders” in the case of “double,” 
framed floors— sometimes to the girders themselves in the latter. 
gg, fig. 2, Plate YII., A and B — which latter is’^a sectional side view 
of A in the direction of the arrow ^ in A — show the “ ceiling joists.” 
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In some floors tlie ceiling Joists,” as in fig. 2, Plato VII., are 
carried "bj another member called “ ceiling binders ” : those are 
illustrated in figs. 3 and 4, Plate IL, which are two views of the 
assemblage of timbers in a floor, say for a width of space or span of 
16 to 18 ft. In fig. 3, Plate IT., which is a view in the direction of 
the flooring joists, a a indicates the ‘‘flooring boards” l|m. thick 
and 9 in. broad or wide. They are shown as laid down in three ways 
of jointing, the joint at a! being the simplt3st of all, termed the 
“ butt joint,” the edges of the planks or boards being faced or scpiared 
up and the surfaces planed, the edges being then “ cramped ” or 
forced or jammed up close to one another. Another form of joint is 
shown at which is termed the “ tongued and grooved joint,” the 
edge of one board being provided with a rib or “tongue” in the 
centre of its thickness, the edge of the contiguous board being pro- 
vided with a recess or groove also centrally placed. When the 
boards are “ brought up ” the tongue enters the groove and makes a 
joint, up which, if tight and well made, the cold air from below does 
not so easily pass as in the “ butt joint ” at a'. Another form of 
joint for flooring boards is shown in same figure (3, Plate II.) at 
a", in which the edges of both boards are grooved, and a “ feather ” 
or narrow stip of wood suflicient to fill the space between the two 
grooves is inserted when the boards are faced or brought up to each 
other. 

In fig. 3, Plate II., the flooring boards aa a rest upon the 
“ flooring joists ” h h — 11 in, deep and 2 J in. thick — spaced at intervals 
of 14 in. “from centre to centre.” Eunning in the same direction 
as the flooring joists are the “ ceiHng binders ” c c, into which the 
“ ceiling joists ” d 2^ in. thick by 4 in. deep or broad, are notched, 
as at e. Another method of jointing them to the binders is shown 
in fig. 4, Plate II., which is a cross-section of fig. 3 in same Plato, 
in which the flooring boards a a are seen to run the long way in 
place of transversely as at a. The letters of reference are the same 
in both figures. The jomt of ceihng joist to ceiling binder is shown 
at I ; a front view bemg shown in part section of the assemblage to 
the right of the diagram at point In both drawings c o indicates 
the position of lath and plaster ceiling. 

In fig. 2, Plate V., we give an enlarged drawing on the same 
scale as figs 3 and 4, Plate II., are drawn to — namely, 1^ in. to the 
foot, or “ one-eighth scale ” ; showing in cross-section the assem- 
blage of timbers in a “ double-framed floor,” with method of jointing 
used in connecting the “binder” or binding joist with girder, — in 
cross-section in the diagram a, in part side view in diagrams b and o. 
The “ girder ” or “ beam ” is shown at a in a; part of the binding 
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joist as it is carried at each side of the girder at 5 6. The joint is 
shown at the points 1, 2, and 3. In B aJ a' ib the girder, 6' 5' the 
binding joist, in side elevation, -with the joint as V 2' 3' cut out in 
its face. In c the flooring joists ” d are shown in cross-section at 
d ; ceiling joists at e.. This floor is suitable for a space of 18 to 22 
or 24 ft., and the following are the scantlings or dimensions of the 
parts: girder a a a' a\ 13 or 14 in. deep by 8 in. thick or wide; 
binding joists or binders 5 5 or 5' 5', 11 in. by 6 or 6|-in. ; flooring 
joists 5 , 11 in. by 2J in. ; and ceiling joists 4 in. by 2|- in. Figs. 1 
and 5, Plate YI., show a framed flooring taken from Continental 
practice. 

Trimming Joists or Trimmer Beams. 

Trimmer beams are employed when openings or void spaces are 
to be left in floors, breaking the continuity of the flooring joists. 
In flgs. 1 and 2, Plate X., we illustrate on large scale — one-eighth 
— that part of a floor near a fireplace, in which what are called 
trimmer ” joists are use. The object of the arrangement is to 
give a support to the hearthstone of the fireplace, and in good and 
sound construction to the trimmer arch of bricks upon which the 
hearthstone is laid. It is essentially vicious construction to place, 
as is often done, the hearthstone right upon the joists. This is a 
fruitful source of mischief, as the hearthstone gets frequently over- 
heated, as by taking oJff a mass of glowing coals at bed-time, and 
the joists below are thus ignited. The beams or joists of a floor in 
good construction are arranged as follows. In fig. 2, Plate X, 
part of the plan of a floor is shown in which a a is part of the 
outside wall, with projecting jambs, 5, c c being part of the chimney 
flue coming up from a story or floor below. The ordinary joists or 
flooring joists stop on either side of the fireplace jambs. The trim- 
ming joists or tiimmer beams are at the side of the jambs, as d d, 
e e, in fig. 2, Plate X. ; in good construction the ends, as /, g, rest 
upon stone templates or plates, j y, built into the brick wall. The 
ordinary flooring joists, as i i, which are exactly opposite the fireplace 
and between the trimming joists dd^ ee, do not come up to the 
fii’eplace, but stop short at the cross trimmer beam hh^ which is 
called the “ carriage beam,” its purpose being to carry the ordinary 
flooring or common joists, one of which is shown at i i. The two 
joists, as dd and ee^ which support the carriage beam, as h A, are 
called “transverse joists,” and they are made stronger than the 
ordinary or common joists, as i i, as they have to carry the carriage 
beam, h h, and as many of the joists, as i % as the breadth of the 
fireplace and its hearthstone demands. In fig. 2, Plate X., we 
give a section drawn to same scale as fig. 1 (IJ in. to the foot, or 
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one-eightli scale) of tlie assemblage at tlie trimmer of a floor. In 
this the letters of reference as in hg. 1 indicate the same parts. The 
parts not shown in fig. 1 are the elevation of the brick trimmer arch 
on which the hearthstone rests, as shown at h h, 

Ploor Strutting. 

When the reader has studied what will in future paragraphs be 
given on the subject of the strains or pressures to which framing is 
subjected, he will understand how the flooring joists, both in single 
and framed floorings— the “double” and “double framed” classes 
being generally classed under the general title of “ framed floors ” — 
are apt to give way laterally to undue pressures. This is a groat 
source of weakness in a floor, and is greatly aggravated, as the reader 
may understand, when the joists are made unduly weak. And from 
what we have already said, there is a great temptation — too readily 
in some, we might say many, cases given way to — in the case of 
cheaply constructed houses chiefly of the class of cottages, to make 
the flooring joists much too weak, in order to save the small sum 
which a greater and the necessary strength would cost. To obviate 
the tendency of all flooring joists to “ give ” laterally to pressures, 
and to make them stable and free from that shaking and tremor 
with which many are too familiar in their houses what is called 
“ strutting ” is employed. This is of two kinds — the simplest being 
merely flat pieces of thin wood of the depth of the joists, or often 
less, jammed in between the joists ; care being taken to keep them 
in hue, so that the pressure communicated to one shall be distri- 
buted throughout the series. The position of these “struts” is 
shown at dJ in fig. 1, Plate VII. A more expensive, but much 
more effective kind of strutting is that known as “ cross,” or 
“herring-bone.” This is illustrated in fig. 1 in cross-section, and in 
fig. 2, Plate XI., in plan. In fig. 1 aa represents part of the 
beam or girder, to which the flooring joists 1) h are jointed. These 
are shown in cross section, and between them the struts, as c c, are 
crossed, one end at the foot, pressing against the joist near its lower 
edge, the other at the top, near the upper edge of joists h h. 
Another strut, as d dJ, is crossed in the reverse direction and in the 
same position, — this, of course, being made up of two halves ; one, 
as d, being at the upper side of c c, the other, as d', at the lower 
side ; e and / show part of two pieces. The struts are placed in 
line, as shown in plan, so that the, pressure is distributed from one 
to the other. Strutting of both kinds is often made of too thin 
pieces : no doubt, as the strain to be resisted is that of compression, 
thin boards can resist a large amount of it; but as the naturally 
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small cross-section of their struts gives a small bearing surface to 
rest or press upon the sides of the joist, they are apt under heavy or 
sudden pressures — as in dancing or moving very quickly over the 
floor — to spring, and get moved out of their true, that is vertical, 
position, and also out of line one with another- Sufficient thickness 
should be given to plain strutting, as a>t dd in fig. 1, Plate YII., to 
give a good bearing on the face of the joists, and sufficient breadth 
in the case of the cross or herring-bone strutting in figs. 1 and 2, 
Plate XI. 


Framing of Floors — Deadening ” or ** Deafening.’’ 

In order to deaden sounds proceeding from a room below to one 
above, as also to strengthen them, floors are strutted horizontally 
with continuous flat boarding, which serves as a support or a species 
o£ floor upon which the deadening ” — or deafening ” as the work 
is more generally called — materials are placed. In fig. 3, Plate XI , 
we give cross-section of a “ deafened floor,” and in fig. 4 plan of 
same, these drawings, as well as those in figs. 1 and 2, same Plate, 
being given to a scale of an inch and a half to the foot or “an 
eighth scale.” In fig. 3, Plate XI., a a are the flooring joists in 
cross section carrying the flooring boards h b. To the sides of the 
joists a a narrow and thin battens, a a, are nailed, running along 
their whole length. These aflbrd ledges or supports on which thin 
boards, d d, are placed and nailed down, as shown in plan, fig. 4, 
Plate XI. ; and upon those boards, as a species of floor, the deadening 
or deafening material, e e, is placed. This may be common mortar 
well mixed with hair, — or if the floor is designed to be largely fire- 
proof, a cement concrete may be used, the best cement to use being 
“ Portland.” In the plan fig. 4, Plate XI., the same letters of 
reference refer to similar patts in fig. 3. 

Sleepers or Templates and Bearing Walls for Beams. 

In a preceding paragraph we referred to the danger of dry rot 
likely to accrue when timbers are inclosed or built into walls. This, 
of course, is likely to be attended with graver results in the case 
of timber of large size, on which so much depends, than in those 
members of a floor of less dimensions. Hence, in the case of beams 
or girders it is good practice to avoid the building of them into or 
inclosing them by the wall material, brick or stone. This is avoided 
in ono way as represented at j j in fig. 2, Plate X. In fig. 2, 
Plate X., j j is a flat stone, four or six inches deep, the thickness 
proportioned to size of beam or girder, laid on the wall at the point 
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at which the girder terminates. The sbone should ho considerably 
broader or larger than the thickness of the girdei', so as to give 
ample bearing surface. This stone, called a template ’’ teclinically, 
is surrounded with an open space a little higher than the deptli and 
a little broader than the thickness of the beam or girder, so as to 
form a species of box or cavity, into which the end of the gii’der 
enters, resting upon the template as a bearing surface, and adbrdmg 
free access to the air all round the end of the girder. When the 
stone template is used without the cavity or box formed above it, it 
only acts as a good bearing surface for the girder, distributing its 
weight over a larger surface of the wall than it would if it merely 
rested upon a brick or two (this contrivance being, of course, only 
used in the case of brick walls); in the case of stone wnlls it is 
obviously easy to select a large-surfaced stone to place at that point 
in the wall at which the beam or girder rests. But this distribution 
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of pressure on a wall is a point of such importance, that in good and 
sound construction it is always attended to ; hence if the template 
and box or cavity be not together used in the case of large beams, 
the template alone should not be omitted. The two are best ; but 
the template, as a good bearing and pressure-distributing surface, is 
better than merely resting the beam with all its weight upon a 
brick or two. In some cases cast-iron girder boxes ” are specially 
constructed and used for “housing” — such is the technical term used 
— ^the ends of hea’^ beams. This is illustrated in fig. 88. In this a 
represents the ordinary and vicious way of building in the end of the 
girders into the wall h h The approved and sound method of having 
a special girder-box most conveniently formed of cast iron is shown 
in the same figure, h h being the wall into which the cast-iron box 
ee is built, d being the termination of the beam or girder. A front 
view of box is shown at o' c' d'. 
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Air-Bricks, etc. 

In all good construction every care is taken to prevent, if possible, 
the ravages of dry rot in the timbers ; although, notwithstanding 
all the care taken, this insidious disease in timber cannot be prevented 
— is never, or rarely, cured when once it sets in. The best known, 
at least the simplest and, upon the whole, the most generally effective, 
system which can be adopted, is so to arrange the timbers that they 
aie exposed as freely to the atmosphere as is possible under the cir- 
cumstances ; for keeping timbers in a close, confined, and damp or 
dampish atmosphei'e is the best way to secure dry rot, or at least to 
bring about a tendency to it. As it is in the timbers nearest the 
ground in which dry rot or decay is most likely to occur, the condi- 
tion most favourable to it being met with there much more certainly 
than in the higher situations, as the floors of upper stories, it is the 
usual practice to build in what are called “ air-bricks ” into the walls 
near the ground level, so that currents of air can be established 
through the space below the flooring. These air-bricks, although so 
called, are often of cast iron, but as they are made of the same dimen- 
sions as an ordinary brick, to ^^bond” with the general work, the 
name is appropriate enough. The sides of these iron air bricks form 
a species of grating, through the apertures of which the air passes 
from the external atmosphere to the void space below the floor, thus 
circulating amongst the timber. Air-bricks are, however, specially 
made of the usual clay, or rather of earthenware, vitrified or very 
hard, and built in the same as cast-iron air-bricks. The use of these 
appliances for ventilating the spaces below the floors is greatly ob- 
jected to by some householders, as they cause such a constant current 
of air through the flooring boards and up the vacant spaces left at 
skirting boards, etc., that the room is kept cold and “draughty.” 
This is owing to defective work in laying the flooring boards ; and it 
is simply a question between having good work to prevent this cause 
of personal discomfort to the occupiers of the room, or to stop all 
ventilation below the floor, and thus increase the risk of dry rot m 
its timbers, with all its attendant evils. It has happened before now 
that floors have had to be taken up, so unsafe had they become 
through the ravages of dry rot and from the lack of timely super- 
vision and the application of remedial measures, and serious accidents 
have taken place. And 'what has happened once may happen again, 
and prevention is better at all times than cure, if indeed in this case 
cure be within reach. 

In addition to the air-bricks for supplying air generally to the 
spaces below flooring timbers, in good construction care is taken to 
avoid as much as possible the building-in of timbers at their ends or 
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bearing points into the walls. Piers of brickwork are often run up 
between the outside walls on which timber plates or sleepers are laid, 
these carrying the joists. These greatly strengthen the floor, while 
the sleepers are freely exposed to the atmosphere, so doing away with 
the necessity to give such a deep bearing to the joists on the outside 
walls and thus lessen the length built into or inclosed by them. By 
carrying up a pier close to the wall, the building-in of the ends may 
be done away with altogether, the joists being already supported by 
the piers and sleepers or plates. But the usual way is to carry up as 
part of the '' footings” what is called a sleeper wall” — that is, a 
part so projecting from the normal face of the wail that a lodge is 
formed, on which the ends of the joists rest, freely exposed to the 
atmosphere, and not built in at all in the general wall. This is 
shown in £g. Plate II., in which a a is the end of a joist built 
into the wall in the usual way, but by carrying up the footing c, as 
in the line d d, to the level of the flooring joist line, it is obvious 
that a ledge d h will be formed, which will be the bearing surface of 
the joists. As the footings are generally formed by offsets,” as e/, 
of half a brick — four and a half inches — only, this would be narrow 
enough as a bearing for the joists, but a broader ledge for a longer 
bearing of the joists can be obtained by carrying up the footing e/ as 
at d d. Sleeper walls will, of course, be objected to in cheap houses 
as being too expensive, but wherever sound construction is desired 
more than the saving of a few shillings, they should be given. The 
method of housing heavy timbers is shown at jj in fig. 2, Plate X., 
as explained in connection therewith, and by the use of cast-iron 
girder boxes, as named in last paragraph, and used in upper stories; 
but piers and sleeper walls should in such cases always be used as 
named above 

Where the shape of the apartments of a house does not give rect- 
angles or squares — that is, with the walls at right angles to each 
other — a Kttle complication arises in the distribution and fixing of 
the timbers ; and where the floor space is extensive or spans wide, 
the timbers have to be carefully arranged, and braced so as to distri- 
bute and bear the extra strains thrown upon them. As illustrative 
of these two cases we give drawings in fig. 1, Plate XII., and fig. 1, 
Plate IX. In fig. 1, Plate XII., which is the plan of an irregularly 
formed apartment, a a represent the lines of girders or beams, b 
those of joists, c c the trimmer beams, dd the trimmer carnage beams, 
e e fireplaces, //staircase, gg joists of small room. Pig 1, Plato IX., 
is the drawing of a floor used on the Continent, in which the timbers 
are braced by regular pieces, as shown. 

It is necessary carefully to avoid resting the beams above the 
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vacant spaces formed by tbe doors or -windows of a bouse. A beam 
should, as far as possible, rest upon a solid wall ; if otherwise, one 
must take precautions to avoid the disadvantage of an accident or 
undue settlement. In this case, under the beam a horizontal piece 
of timber, called a ‘‘ lintel is placed, which rests on the length of 
the wall, having a good long bearing at each end. This lintel serves 
the same purpose as the breast-summer or bressumer in a partition. 
But it is still better, when space permits, to support the beam upon 
a small arch, generally known by the name of a relieving arch.” 

These floors, such as in fig. 1, Plate YI., are formed of pieces 
which, in general, do not cross from one wall to the other, but are 
joined together and support each other. Their arrangement may 
be varied ad infinitum ; for it depends not only on the form of the 
building, but also on the length of the pieces, which is often less 
than the interstice of the walls As these floors are more compli- 
cated and more difficult of execution than the others, it is obvious 
that we should have recoxirse to them only in exceptional circum- 
stances. We shall see, when treating of the carpentry of roofing, 
some examples where floors of this kind must be used. Care must 
be taken in such floors not to weaken too much the heavier piecep, 
to which are jointed the smaller pieces, by unnecessarily multiplying 
the mortises or putting them too near one another. 

It is to be observed that the braces, as a, fig. 1, Plate YI., are 
placed in such a way as to receive the beams h by corresponding to 
the hip rafters of a roof (see Hoofs), and to be joined at the same 
time to the girder c c and to the tie e e. As these two pieces must 
bear the whole weight of the floor, the other pieces must be joined 
to them in such a way as not to weaken them too much by joints. 
Care must be taken not to place the binding- joists in the bays one 
opposite the end of the others, but alternately breaking joint, as it 
were. 

Partition Framing. 

Taking the timber work of a house in regular sequence, and 
having in preceding paragraphs described and illustrated the various 
forms and classes of floors, we next come to the subject of partitions. 
Properly — at least if safety from fire, if not security and soundness 
in construction be considered — all partitions (that is, the walls which 
divide one apartment from another) should be of brick or stone. 
The massiveness of stone would, save in the case of large buildings, 
however, preclude its use as a general rule. We find, therefore, in 
houses of the ordinary classes of domestic structures, where stone is 
employed almost universally for building — such as in the northern 
districts of England, in Yorkshire, and throughout Scotland — if 
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the partitions be made of imperihliable or rather of incombustible 
material, that brick, being the lighter material, is almost invariably 
used for partitions. Ajad it is this indestructibility by fire -which 
demands that it should be used in all buildings which it is desirable 
to have fire-proof as far as possible. And if there be one class of 
structures in which this desideratum be required more than in 
another, assuredly it is in the domestic structures in which we 
habitually live, and run of necessity specially gieat risks in the help- 
less hours of night. 

In all well- designed buildings the partition walls should be carried 
right up to the roof, and in place of stopping short, as they almost 
universally do, at the level — that is, the horizontal line formed by 
the terminating surfaces of the walls — if they were carried farther 
up to meet and to take the form of the roof section at their various 
points — ^there can be no doubt in the minds of all those connected 
with construction that a great step would be taken to secure danger 
from fire. Certainly one great advantage would be gained by this 
simple, if comparatively inexpensive plan — namely, that fires would 
not spread with the fearful and the all too dangerous rapidity they 
almost invariably do. Time at least would be given for the inha- 
bitants to escape with something more than their own lives — although 
lives are not seldom lost — and time by consequence given to bring 
forward means for extinguishing the fire, which now but too often 
arrive too late to save the building in which the fire originated, and 
only in time to prevent it spreading to other structures near or 
joined up to it. 

And of all the means by which fire is spread or rapidly commu- 
nicated from one part of a building to another, it is admitted on all 
hands that timber partitions are unfortunately but too well designed 
to act as the most efficient. bTot only constructed of a most perish- 
able material throughout — their very design makes them but as 
hollow compartments, which, as has been well observed, act as “ mere 
chimneys,’' by which flame and heated gases — which themselves are 
active agents in combustion — ^are carried up from a low to a high 
level ; so that floors and roof above are speedily set fire to in cases 
where the fire breaks out in one of the lower apartments. But even 
where the contrary is the case, the partitions still serve but too 
efficiently as conveying fire even from an upper to a lower apartment. 

Seeing, how’ever, that timber partitions still hold a very important 
place in building construction, and are likely for long to do so — so 
difficult is it to substitute for an old-established and defective practice 
one which is admittedly much better at least, if not altogether 
perfect — ^we are of necessity, as it were, compelled to notice them in 
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order to make our paragraphs on the practical work of carpentry 
complete. Wo see, then, that partitions are a species of wall or 
division of wood, used in countries where wood is cheap, or where 
long custom has established its use ; and sometimes also, it is right 
to state, whore from particular circumstances we wish to give less 
weight to certain parts of a building — as, for example, when in a 
building a partition is supported by a beam spanning a room below. 
In many districts, moreover, and throughout the XJnited States of 
America and in our Colonies, houses are constructed of vood. The 
pieces of timber- work of which they are composed are roughly set 
up. But sometimes wood is used for light and elegant constructions 
which contribute to the decoration of pleasure gardens. In every 
case, however, the carpenter should pay attention to the rules of the 
artj and as it is principally in the quality of the joints and the 
arrangement of the pieces that the merit of the work consists, what 
we are now about to say regarding timber, exactly worked, “wrought,” 
or squared, will apply to all analogous work in framing, whatever 
may be the choice of the materials employed. 

When we come to the considerations of the principles of framing 
we shall see that there is a general principle in timber-work, and one 
which must never be deviated from — viz., that all the pieces should 
be airanged in such a manner as to form between them a series of 
triangles. A triangle is a perfectly rigid figure, which practically 
cannot be put out of shape by any strain. We may break a triangle, 
but we cannot change its shape, whatever pressure we may bring to 
bear upon it. The other figures, on the contrary, are only kept up 
by the strength of the joints. Thus, in a quadrilateral or rectangle 
the angles can enlarge or contract without the sides changing in 
length; and the joints have much to bear as soon as any strain 
whatsoever happens to weigh upon one of the angles of the figure. 
It is necessary, then, that the joining of the pieces should form a 
sexies of triangles ; the only exception to this rule is in the case of 
“ floors,” in which there is no lateral pressure or strain, but all the 
strain thrown upon them is vertical. 

The partition generally rests upon a wall, the object of which is 
to separate the structure in the lower story from the ground and 
to preserve it from the destructive effects of damp. In this case, 
upon the wall rests piece, a a, fig. 6, Plate XIII., placed horizon- 
tally, which is called the “ sill,” and which forms the base of the 
construction. It is in this piece that all the other pieces of the 
framework are joined. The vertical pieces at the ends, as a 5, a 5, 
named “ posts,” and sometimes called “ double quarterings,’ are joined 
by tenon and mortise to the side a a. These pieces should have the 
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height of the apartment or room in which the partition is to be 
placed. The separation of the ground-floor and of the first fiat is 
made by means of another horizontal beam, h h, called the head,’’^ 
and which is joined to the posts with tenon and mortise joints. 
Between the two beams, a a and 5 5, use vertical pieces parallel to 
the posts, and which are also called “ posts,” though sometimes 
'' framing-posts,” as to these pieces the door fitting in space ff is 
secured. These door-frame posts, cccc, forna the opening of the 
doors, and in wooden houses the windows, as illustrated hereafter ; 
they are joined by lintels or horizontal pieces, as shown— sometimes 
called a spacing piece ; although we shall see presently that this is 
applied to another part in a more complicated form. The posts ” 

5 5 5, the “ sill ” a a, the head 5 5, and the framing-posts cccc, 
form, as we see, quadrilaterals or rectangles. These are dividocl 
diagonally by oblique pieces, d d, called “ struts ” or braces,” which 
decompose the figure into two triangles, each supporting the case- 
ment or door-posts. In this way there is no fear of a lateral strain 
throwmg out of shape the whole of the work. The joining of these 
pieces forms the framework of a partition. The open spaces between 
the main timbers now described are called filling-in pieces,” some- 
times ‘^single quarfcerings,” in contradistinction to the “posts,”cj5, 
a hj ccc Cf which, as we have seen, are sometimes called double 
quarterings.” The whole work is covered with the lath and plaster 
which forms the wall surface for receiving the decoration of paint or 
paper. 

We have in fig. 6, Plate XIII., given a form of partition not of 
the simplest kind, but have taken it to illustrate the important parts 
of what is called a trussed or framed partition. There are other 
simpler as well as more complicated forms used under various cir- 
cumstances, and these we now proceed to illustrate. In fig, 2, 
Plate TI., we illustrate the simplest form of partition used in 
cottage work— -to divide one room from another, or a room from the 
well-hole of a staircase. It usually rests upon a wall carried up 
from the floor below, although for obvious purposes of illustration 
we show it to be carried by a beam 5 5, itself carried by the walls 
aaoi the main building. Parallel to this, at the height of the room 
or ceiling line, a light batten, cc, is carried across, and usually built 
into^ the wall; although it is sometimes supported or carried by 
vertical posts or pieces, dd. Horizontal pieces, lintels, or heads, as 
ee, are filled in at the level for door-head openings, of which in the 
illustration there are two ; one as to the right, entering the room 
from the staircase ; the other to the left, giving access to a closet or 
another room. Between the pieces e e another horizontal piece or 
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straining piece or brace is inserted, to support the side posts dd. 
There are no filling-in pieces ” or ‘‘ single quarterings,” as at e e in 
fig. 6, Plate XIIT., in the form of partition in fig. 2, Plate VI., 
olie filling-in pieces not being required, as there are no laths or 
plaster used in it; the paper or paint is at once applied to the 
boards, as h h, with which one side only of the simple framing pieces 
cc^dd,ee, are covered. These pieces are therefore seen at one side 
of the partition — and this side is naturally chosen to be at the stair- 
case well-hole, if the partition be next it, as showing in the least 
important of the two rooms which it may divide. In what is called 
superior work of this class a second horizontal straining- piece is 
placed parallel to/. This partition here illustrated has no pretensions 
to being considered a framework, as it is purely rectangular, and 
dependent almost wholly upon the walls, a a, for such strength as it 
is able to resist laterally, and somewhat upon the posts dd and 
straining-pieces, as/ So also is another form of this boarding or 
‘‘hoarding'’ partition illustrated in fig. 5, Plate XIII., in which, 
however, there is provision made for but one doorway, and that in 
the centre at d e ; a a are the walls, d d the door “ posts,” c c and 
e e horizontal pieces ; // being the boarding, which may be placed 
horizontally as those shown, or vertically as at g. In place of 
strengthening this by a horizontal straining-piece, as at h, if we 
throw across a piece as near g to the left, obliquely stretching from 
the post d, a little below the level of door “ head,” e, and butting 
at its lower end partly on the vertical wall a a and partly on the 
horizontal wall or beam I b, on which the partition rests, we at once 
introduce the element of the “truss,” and change the simple con- 
struction destitute in reality of all the elements of stable construction 
or as in the form in fig. 2, Plate VI., into the more dignified 
because more scientific construction called a “ framed partition,” or 
a “ framed and trussed partition.” Of these two names the first is 
the more accurate if not the more clearly defined; for a “frame,” 
properly considered, must embrace the elements of a truss. A 
trussed partition and a framed partition are therefore scientifically 
synonymous or convertible terms. 

The simplest form of a “framed” or “trussed” partition is shown 
in fig. 4, Plate XIII. In this all the elements of a true framework 
are present, in which the members are so combined that it possesses 
the strength not only to support its own weight, but additional 
weight, as of a partition or a slight wall above, and that over a void 
“space — spanned by the sill or foot beam a a — ^without yielding to 
lateral pressure thrown upon it. In this a a is the “sill,” b b, parallel 
to it, is the “head,” cc the “posts ” or “ double quarterings ,”/ f the 
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“filling-in pieces.” The “braces” or “struts,” as ee, butt at their 
feet against the side aa^ and at their head against the “ post” dd, 
distinguished from the posts cc at end bjthe name “principal posts” 
sometimes given to the latter. In this there is no door opening at 
all ; this is, however, provided in the form of trussed partition in 
fig. 6, Plate XIII., at//; in this case the “braces” or “struts,” 
ddj butt at their upper end against the “posts” cc, and at their 
lower against the “side” a a, near the “principal posts” ah, ah; 
the filling-in pieces are at e. All these pieces, as in all fi^amed par- 
titions, are of the same depth or width, and so joined together as 
to present flush surfaces on both sides of the partition. 

In fig. 3, Plate XIII., we give the half of another form of trussed 
partition in which there is a door opening at each end, as at /; the 
central part being braced precisely in the same way, as in the form 
in fig. 4, Plate XIII. In this (fig. 3, same Plate) the braces, as d d, 
butt against the side a a, near the foot of the door-framing post e e, 
in place of at the foot of the principal posts at c c c, fig. 4, Plate Xlll.^ 
and at the upper end against the head of the post c c in centre of 
partition— ‘the door head or straining-piece as at /— g the fillmg-in 
pieces. 


A more complicated form of partition is illustrated in fig. 1, Plate 
XIII., sometimes called a “double-framed quartering partition.” This 
is employed where voids or spaces are to be spanned, and tho illus- 
tiation exemplifies a form in which there is in the centre an opening 
or void for filling in with wide folding doors — an arrangement very 
frequently adopted in the Metropolitan houses, and elsewhere; where 
the system admits of two rooms, as a drawing-room and an ante-room, 
being practically thrown into one by removing or folding back the 
folding door hence so called. In this form here illustrated there 
are two trussed or braced divisions, a lower and an upper (a a is the 
sill) , strictly speaking there are three, as the lower is divided into 
two braced parts. The upper and lower divisions are separated by 
the beam or piece cc, carrying two posts cc, which run up in line 
with the lower posts dd» The lower braces butt against the side 
C5C& aim the posts dd—-ih.Q upper braces against cc and the posts 
c e. These are braced at head by the horizontal straining-piece fi 
this being the member to which the designation in partition work 
IS strictly or more correctly applied—although it performs the same 
ofece in the other places we have referred to as here ; the filling-in 
pieces a^ at h, %i the opening for the folding doors. In fig? 8, 

A illustration of another adaptation of the 

double-framed partition— to a place where two side doors, one of 
which IS shown at k, are required at the sides of the central folding 
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doors, void for wliich is at jj. In this there are four posts — two 
only being shown in the half-drawing — ^in addition to the two prin- 
cipal posts a, hy one of which is shown to the extreme right of the 
drawing. The braces, e e, of the lower division of partition butt 
against the posts d d and ffy at head and foot respectively. The 
braces or obliquely placed timbers in the upper division butt against 
the piece a a ancl the posts of which one is shown at ^ ; A is the 
straining-piece, e e the filling-in pieces, h h the head, a a the sill of 
partition. 

Principles of Partition Praming as applied in Timber House Construction. 

The principle of the trussed or framed partition enters largely 
into the construction of houses constructed wholly of timber. Of 
houses of this class there are very many more examples to be met 
with in this country than many of our readers would be disposed at 
first mention of the subject to believe. Those of our readers who 
have seen much of the county of Essex will no doubt remember 
meeting with numerous examples of wooden structures not only 
adapted to farm building purposes, the examples of which are 
numerous, but to the farmhouses themselves, to cottages, and even 
to structures more pretentious than cottages in the way of internal 
accommodation. And other counties besides that of Essex can show 
a goodly number of wooden domestic structures. They are still 
more frequently met with on the Continent, where the art of timber 
working, both in its useful and ornamental features (see for the 
latter remarks and illustrations in the volume entitled The Orna- 
mental Designer in Wood, Stone, and Metal”), is cairied to a much 
greater point of perfection than it is with us. In the United States 
of America, in Canada, and in our other colonies, timber construction 
is widely adapted to domestic and rural structures. In America 
“ log ” and frame houses ” were at one time almost universal ; and 
although houses built of more durable and less combustible materials 
are not now, as formerly, so much the exception, still it may with 
some degree of safety be stated that wooden houses are the rule 
throughout the States. The log house ” is so called from the fact 
that the walls or inclosing sides of the house — or rather room, or 
at the most two rooms as a rule — are formed of the rough boles of 
trees, called there ‘‘ logs.” Those are not the same, howevei*, as the 
“ logs ” we are accustomed to, which are squared ” at sides and 
ends. In the true log house the large timbers are very little altered 
from their original form as left when the trees out of which they 
are formed are cut down or felled. Sometimes, but not always, they 
are squared, and this only partially, at the upper and lower sides, so 
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as to admit of some kind of level bearing surface'’ being obtained. 
But often they are laid together in the most even way their natural 
forms admit of, the spaces between being filled up, at least in the 
interior, with clay or mortar daubing to keep out the weather. 
These structures are only used in the interior and rural districts, 
being put up when the settler first ‘^breaks ground,” and kept up till 
his gathering means and greater prosperity afford him the oppor- 
tunity to have the great ambition of a settler’s life—a ''frame house.'’ 

The frame or framed house is met with everywhere in town and 
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country throughout the States ; and when large, houses of this class 
afford splendid examples of well designed and constructed timber 
framework. It is needless to say that, with their enormous tracts 
of finely-timbered country, the Americans are first-rate carpenters. 
Indeed, if we want to see what can be done with timber, we must 
pay a visit to that country. Some of the boldest — indeed, the very 
boldest — examples of what may be called timber architecture or 
engineering are to be met with in the United States. We have also 
named the Continental workers in timber as doing excellent work. 
The principal features of framed-house construction are well illus- 
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trated in the drawings in fig. 2, Plate XIII., the details of which 
the reader, who has followed thus far in our various illustrations and 
descriptions, should have no difficulty in understanding Plate XIY. 
gives an elevation with detailed drawings of a timber or framed 
house or cottage for colonists and emigrants. 

Roof Framing. — General Statement of Peculiarities. 

Still following what appears to be the natural sequence of timber 
framing, as exemplified in domestic and civil buildings, we come now 
to the subject of roofs, having described and illustrated the subjects 
of floors and partitions in preceding paragraphs. 

The roofing or roof of a house is the part of the building which 
extends over its highest story, and shelters its interior from the 
weather. The roof comprises two distinct parts, which are first the 
covering and second the framing or framework of timber which carries 
or supports it. This covering or upper part of the roof is composed 
of materials suitably chosen and arranged to form an impervious 
surface. This covering is placed on filled or open-work floors, nailed 
upon sloping beams which are sustained by other vertical beams 
The combination of these different beams forms the framing which 
is that to which the term roof is generally — indeed, universally — 
applied. The framing determines the form of the roof, and presents, 
like it, outer surfaces plain, inclined, curved, or arched, the object 
being to facilitate the draining away of rain and snow, from which 
the roof protects the house. 

The materials usually employed in the covering of roofs are slate, 
tile, thatch, zinc, copper, and lead. Slate is generally^ used — always 
for superior houses — and is of various sizes and qualities. Tiles are 
comparatively seldom used with us, but largely on the Continent. 
When used in this country, it is chiefly in cottages in rural districts. 
The craze for houses in the Queen Anne style '' so called — 
architects having apparently failed to found a style urhich would be 
representative of the Yictorian ” era — has of late years created a 
demand for red tiles for roof covering, these being considered most 
appropriate for this revived [style. Thatch is only used in the 
country, and we only speak of it to point qut its danger in case of 
fire. It is on this account absolutely forbidden in the centre of 
towns by police regulations. Even in rural districts its use is fast 
dying out. Zinc has for some years been used with great success 
for the covering of buildings, but chiefly public and manufacturing, 
although we now see a considerable number of houses covered with 
this metal. Copper forms an excellent covering, but is rarely used 
on account of its high price. Lead has not only the disadvantage 
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of bemg expensive, but also of weighing enormously in proportion 
as the Ve or roof surface increases. It is rarely used, except in 
very special structures; in ordinary roof work it is confined chiefly 
to 4e “flashings" round chimney stalks, to make good or cover up 



the joints or spaces left between the slates and the brick or stone 
work of the chimney stalks. Ridges are generally flashed with lead 
— often with ridge tiles — and lead is used also in ordinary roof work 
for the covering of flats, as at skylights and at bay or pi-ojecting 
window roofs. 
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Roofs assume throughout various countries an almost endless 
variety of forms, representative types of which are given in fig. 90, 
and explanations of which will be given when we come to give special 
descriptions of the constructive features of the different forms in 
general use, but of which those chiefly used may be here named. 
No, 1 is the lean-to roof ; No. 5, the gable-ended ” or “ span 
roof; Nos. 2 and 4, the ‘‘hipped” roof ; No. 6, the “pavilion” or 
“ coach-house” roof ; No. 7, the “Mansard” or “Continental” roof; 
No. 9, the “ridge and valley” or “multiple gabled” roof; No. 11, 
the “semicircular” or “barrel” roof; No 12, the “saddle” or 
“curveff” roof; No. 13, the “dome” or “'hemispherical” roof; No. 
15, the “conical” roof; No. 17, the “ogee” roof; and No. 18, the 
Moresque ” or “ Arabian ” roof. 

Roofs, by reason of their different forms, may be divided into two 
principal kinds, the one comprising roofs formed of planes or flat 
surfaces, as in Nos. to 10, fig. 90 ; the other, those where surfaces 
are curved or arched, as in Nos. 11, 12, 13, 14. The height suitable 
for a roof considering its base should be determined principally 
according to the kind of covering which it is intended to support. 
In countries where rains are frequent and snowfalls heavy, the height 
requires to be greater than in southern countries, in order to give 
to their roof a greater slope. 

The slope, the nature, and the weight of the materials which form 
the covering of a roof, make a considerable difference in the expense 
of building it In the case of a terrace or flat roof, for example, 
the surface of a covering is equal to that of the space to be covered. 
A roof of a third of slope has a fifth more length than its base ; and 
if this slope is of 45° the surface is equal in development to once that 
of the base plus the two-fifths of this base. In short, the expense 
increases more and more according to the slope of the roof, to such 
a degree that, with an angle of 60*", the section, if an equilatenil 
triangle, gives an area double that of its projection. The cube (cubic 
weight) of the wood of the framework increases also by reason of 
the elevation of the roof through the necessity which it entails of 
giving more strength to the joints and to the different pieces which 
form them, in order that they may resist the action of the wind. 
With regard to the materials which cover the' roofs it is to be 
observed that they differ essentially in weight. Thus, if a square 
yard of covering in zinc weigh say 15 lb., in slate it will weigh 45 lb. 
and in tiles 225 lb. Zinc is, then, two and a-half times lighter than 
slate, and fourteen times lighter than tiles. It is considerably lighter 
than copper or lead. We must also add that of snow, a layer of 
which is equivalent to a surface of water having a thickness about 
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that of the snow (and a gallon of water weighs Ih.). The 
framework of a roof intended to support these different materials 
should, however, present parts with equal powers of resistance ; con- 
sequently the expense increases in proportion to the weight of the 
material forming the covering. 

From the preceding remarks we can easily calculate the economy 
there is in general in giving to the roofs the least possible height, 
both on account of the frame and of the surface to be covered. 
However, a light covering capable of being used under a very slight 
slope may often use up as much wood as another heavier one re- 
quiring a very decided slope, because the less the slope of the wood 
the better it resists the weight it has to bear. We must not omit 
to mention that certain forms of curved roofs afford a considerable 
relief to the supporting walls, which then have less weight to 
support. It results from a great number of measurements that in 
a building of a medium width the cube of the timber or wood of 
the roof may be approximately estimated by the square yard of 
space: thus, suppose a roof coveied with slate with a slope of 60'" 
takes 105 cubic feet, it will take 90 for a slate roof with a slope 
of 45°, 58 to 68 for a roof covered with hollow tiles laid without 
mortar at an angle from 1° to 21°, and 67 to 72 in hollow tiles 
plastered, supported on wood boards at the above angle. We have 
not included in this estimate the cubic feet of timber of the tie 
beams of the framework of the tiles, because these pieces enter more 
particularly into the composition of the floors of attics or rooms 
immediately below the roof, where they serve as beams or joists; 
and in this case their dimensions are very variable according to the 
weight which the floors have to support and the points of support 
which are beneath them, such as those obtained from partitions in 
timber or brickwork. In a roof of 45° the height is the half of 
the base, and the angle at the summit is a right angle; but this 
arrangement for ordinary work is not to be recommended, still less 
those the height of which is still greater. There are, of course, 
exceptions to this, where the roof is purposely designed to be very 
high, in keeping with certain styles. In rainy countries the height 
ot slate-covered roofs is generally made about a third of the width, 
because slates have the disadvantage not only of absorbing the water, 
but also, on account of their smooth surface, that of causing it to 
nse again, which as we know is the effect of capillary attraction, 
bor hoUow tiles we can dimmish the height of the roof to a fourth 
or tne width, because each row of hollow tiles forms a species of 
gutter, and thus gives to the water which it collects more force in 
flowing away. ^ to the metallic govermgs, such as zinc or copper, 
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they are not limited to any slope, except what is indispensable for 
the flowing away of the water — as, for example, in the case of a 
terrace or flat roof. Too high a roof generally disfiguies a domestic 
building, and as a dwelling it makes a bad shelter — too warm in 
summer, too cold and damp in winter. But as those of our readers 
know who are acquainted with Continental architecture, the high- 
pitched roofs give a fine effect to many buildings, even to domestic 
structures. 


The Classes or Varieties of Boofs. 

We have said that roofs are divided into two great classes : first, 
those in which their outer or upper surfaces are composed of planes 
or flat surfaces — ^those generally placed at varying angles or slopes to 
the horizon, or in relation to the vertical walls of the buildings ; and 
second, those of which the upper or external surfaces are in lines 
of varying curvature. The first of those classes comprises the forms 
of roofs which are in most general use — ^the curved form being rarely 
used for domestic or ordinary structures. This, the principal division 
or class of roofs, is again divided into two sub-classes. The first of 
those embraces the different constructions employed in the simplest 
of all roof framework — ^in which the distinguishing feature is that 
the slope or inclination of the roof is to one side only of the building 
— the front and back walls of which are of unequal height, as 
in ISTo. 1, fig. 90. This form of roof is called the ^^ean-to’^ or 
the pent-house roof. In the second class the slopes or inclined 
surfaces are at equal angles on both sides of a central line — this line 
being in the centre of the building, or midway between the front 
and back walls — both of which are of equal height. This kind of 
roof, by far the most common, is termed a span roof ” or trussed 
roof”; the latter name being derived from a constructional peculiarity 
in the framework, which will in due course be further, although it 
has already been partially, explained. The span roof is illustrated 
in its most common form in No. 5, fig. 90 ; but all the figures from 
No. 2 to 10 inclusive are different arrangements of span roofs also, 
although known by different names, hereafter to be noticed. 

Tbe ^‘lean-to,’* ‘<SIied,” or Roof. 

Taking now the first of those classes, we shall give illustrations of 
different forms of lean-to ” or pent-house,” often also called “ shed 
roofs.” Of these the simplest is illustrated in fig. 3, Plate X., in 
which a a is the back or the higher, 5 h the front or lower wall ; the 
distance c c being what is called the span ” of the roof ; spars or 
rafters, c, d, stretch across from wall to wall, resting on or built 
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into tlie walls at upper and lower ends. These spars are placed at 
intervals on the walls corresponding in distance to the strength or 
scantling” {i,e, the measurement of its depth or breadth and thick- 
ness) and the width of “ span ” c c. These intervals may be from 
three to six feet On the spars boards are laid at right angles to 
the lines of their length, or parallel to the walls — and on these 
boards are placed the roof-covering material, as zinc, slates or roof- 
felting. If tiles be used, they are supported by light spai-s, nailed 
at intervals corresponding to the length of the tiles to the upper 
surface of the rafters d, e, fig. 3, Plate X., these light spars running 
parallel to the walls In fig. 4, Plate X., we give another form of 
lean-to ” roof, in which a new member or piece is added — namely, 
the ‘‘ tie beam ” a a, the rafter h h being notched into this and pro- 
jecting beyond it at lower end, as at c. In fig. 5, Plate X., we 
give another form, in which a third member appears : this is a 
“ strut ” or ‘‘ brace,” d. This butts partly on the tie beam ” h h, 
and partly on an upright piece let into the wall, or merely against 
the wall cc; and at the other end is let into the lower face of the 
rafter b h. In fig. 6, Plate X., we give one method of securing the 
upper end of the rafter, 5, of a lean-to roof to the “wall plate,’^ c, 
which is a piece of timber built into and running along the whole 
length of the wall of the building or shed to be roofed over. The 
foot or lower end of the rafter, e, is notched to a corresponding wall 
plate, ff fixed in the front wall, g shows the gutter, and on the upper 
side of the rafter two of the planks or boards to support or carry 
the roof covering, as slates, are shown. 

Span or Gatle-ended Roof. 

We now take up the illustration of roofs of the second class, or 
“ span roofs,” the peculiarity of which we have already described. 
The simplest form of roof of this class is shown in fig. 1, Plate I., 
the rafters a, 5, resting at the feet on the walls c, d, and butting 
against each other at their upper ends, as at e. This arrangement is 
only suitable for small spans — if indeed for those, as the tendency of 
the weight of the roof to push out the walls laterally is in no way 
counteracted. To obviate this great defect a horizontal tie called a 
coUar ^ or a “ collar beam,” as at a in fig. 2, is used. In some 
eases two collar beams or ties are used, as in fig. 3, Plate I In 
to arrangement “ purlins,” as e; dJ, are added at the lower collar: 
he me of these members will be described in connection with 

of giving a horizontal tie, such as 
he collar beams, as in figs. 2 and 3, Plate I., above the top line of 
tile wails, does not give so sound a construction as where the tie is 
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placed at the level of top of the walls, as at a in fig. 5. In this 
still simple form of “ span roof,’^ the rafters butting at point or 
apex d of the roof, are supported by braces or struts ’’ (see 
e and /, figs. 9 and 10, Plate I., h h), butting at the lower ends 
against the straining sill ’’ c, laid on upper face of tie beam a Or 
the feet of the braces may be notched into the upper face of the 
beam, dispensing with the sill or cill c fig. 10, Plate I. The 
scale to which fi^gs. 1, 2, 3, and 5, Plate I., are drawn, is given 
in figure. 

Trusses. —The King-Post Truss. 

Pigs. 1, 2, 3, and 4, Plate I., are but approximations to the true 
form of which a truss with all its members is the distmguishing 
feature. The most simple form of truss is that known as the 
“king-post truss,’^ illustrated in fi.g. 9, Plate I., in side elevation 
or end elevation — ^that is, as it is placed in its position standing 
vertically on the walls h h', the space between which the truss 
“spans’' or stretches over. Those “trusses” drawn to the scale 
in fig. 10, Plate I., are placed along the wall at intervals, as shown 
at aa, in edge view or side elevation, and are connected together 
and supported by the timbers termed the “wall plates,” purlins, and 
ridge poles, presently to be described. 

The elevation in fig. 9, Plate I., represents a “ truss,” the prin- 
cipal parts of which are : The tie beam a a, which supports the 
whole of the truss ; this tie beam rests here on the upper part of the 
walls. It. generally supports the floor of the attic, if there is one 
below the roof. The “ principal i-afters,” c, c, oblique pieces which 
serve to support the roof, and which are joined to the “ tie beam ” 
a a with tenon and mortise, in the manner described in preceding 
illustrations under the head of “Joints.” These pieces, instead of 
uniting simply at the angle which they form at the apex or summit 
of the truss, are joined to the opposite surfaces of a vertical piece 
df, called a “king post,” at a point near d. The ^^king post” d f is, 
as we have just said, a vertical piece to which are joined the principal 
rafters wnth tenon and mortise, and which is joined to the tie beam 
in like manner. This joint is sometimes kept together by an iron 
strap (see Joints, ante, and Straps later on). These four pieces — 
tie beam a a, king post d f, principal rafters c c — suffice to form a 
“truss”; and as the whole represents two triangles, the figure or 
framework will be the most rigid which can be obtained, and capable 
of resisting all the pressures to which it may be subjected, without 
the timbers being displaced, the triangle being the form of greatest 
rigidity in which the mateiials can be placed. A quadrilateral 
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figure or form or timber is, on tbe contrary, so weak, so little able to 
resist pressures, that if tbe timbers were at all heavy its own weight 
would, so to say, dismember it or cause it to tall. If not, a very 
trifling pressure, as weights resting on the upper part, would dis- 
arrange the framework and cause it to collapse. A frame in the 
form of a triangle, as the truss in fig. 9, Plate I., would, even if 
made of very slight timbers and thus weak in its individual members, 
as a whole support a very great pressure or weight comparatively 
pressing downwards at the point the pressure being by the very 
form distributed so that it would be transferred to the walls and tie 
beam. The pupil will derive some useful practical hints as to framing 
by constructing simple frames of different forms. Pie should also 
study the paragi*aphs and illustrations in a succeeding chapter on 
the principles of framing and framework 

Although the four members — the tie beam ” a a, fig. 9, Plate I , 
the king post df, and the two principal rafters,’' c o — ^form a 
triangle, or what is called a truss,” to complete it as used in practice 
the “king-post truss” has another member or piece. This is the 
strut; the “struts” or “braces,” as e, e, oblique pieces resting on 
their lower ends at the foot of bang post, being moitised into same 
(see Joints, ante), and notched at their upper end to the lower side 
of the principal rafters The trusses thus completed are set up at 
the proper intervals along the walls, as shown in fig. 9, Plate I , and 
are kept apart first by the tie beam being secured to the “ wall 
plates ” h h — ends shown in cross section — which are bruit into the 
walls along their whole length. 

The second mode of connecting and securing the trusses, b.s a a a, 
is by the use of what are called “ purlins,” shown in cross section at 
g g in fig. 9, Plate I. These purlins are carried by the principal 
rafters c c, and are secured to them by one or other of the methods 
illustrated in the chapters on Joints (ante). They run parallel to 
the walls, or at right angles to the trusses, and are shown in side 
elevation at 5 5 in fig. 2, Plate III These purhns have another 
olfice to perform. The spaces or intervals between the trusses as 
placed on the walls as at a a, fig. 2, Plate III., are obviously too 
wide to be covered over with the boarding on which the slates are 
carried. This boarding is in the king-post truss carried by what are 
called “ common rafters,” which are much lighter — ^that is, of less 
scantling — than the principal rafters. These common rafters are 
shown in end elevation of truss fig. 1 at h h, and in side elevation 
in fig. 2 at c c c. They butt against each other simply at the ends, 
as in fig. 1, Plate I , in the simpler constructions ; but in those 
of a better class butt against and are secured to what is called a 
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ridge pole ” or plate/^ I in fig. 10, and at their lower ends are 
notched to pole plates,’’ as ^ ^ in fig 9, Plate I. Both the ridge 
pole or plate fig. 10, and pole plate in fig. 9 are parallel to the 
purhns g g and wall plates h h. 

In ordinary domestic structures the end walls of the building are 
carried up to the same height as the ridge pole h, fig. 9, Plate I., 
and form the same triangle as that of the truss ; in this form the 
roof surface slopes only on two sides, as shown in hTo. 5, fig. 90, 
p. 47. Those end and angular-shaped walls at upper part may be 
looked upon as acting as trusses, the trusses proper of timber being 
spaced out between the two walls. Those angularly terminated end 
walls are termed gables,” and the roof itself a gable or gabled 
roof.” Sometimes, when the attic or garret is to be separated into 
two or several parts, the inner parallel walls are carried up in the 
same way to the gables. When these walls are near enough they 
completely take the place of trusses, and support directly the purlins, 
as g g^ and common rafters k A, fig. 9, Plate I. 

Hip Roofs. 

But it happens also in certain constructions that there are no 
gables or end walls carried up ; then the roof is sloped on four sides, 
and the sloped surface of the narrowest side takes the form of a 
triangle, as we see to the left hand of diagram Ho. 4, fig. 90, p. 47. 
This form of roof is called a “ hip roof ” ; the angles formed by the 
meeting of the hip roof and the sides are called “ hips,” and the 
rafters hip rafters,” etc. The hips in large roofs are formed by 
half-trusses, in everything similar to those which we have already 
described The principal rafters of the trusses of hip roofs are joined 
to the king post of the truss of the sides or largest part of the roof, 
with a tie beam resting on one side upon the wall and on the other 
joining to the tie beam of the truss. The construction of gabled and 
hip roofs on the ‘‘ king-post truss ” principle now explained will be 
further and practically illustrated by figs. 1 and 2, Plate XY., 
and of which the first-named figure will give additional illustrations 
of parts described in former chapters, such as floors, etc., and various 
details of joinery, and masonry and brickwork, this being a longi- 
tudinal section of one of the houses illustrated in connection with 
the volume entitled “The Domestic House Planner.” This section 
illustrates a roof of two parts of the house, one of which is at right 
angles to the other. Thus A A in the drawing is the side elevation 
of the roof of that part of the house which runs from left to right, 
0 c being the “ hip ” ; b B is the elevation of that part of the roof 
running at right angles to a a apid approaching the spectator. This 
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roof B B IS a gabled one, d being the elevation of the furthest-off 
gable. In this there are no tinaber trusses, as this part of the house 
is short ; the distance between the gables is sufficient to give strength 
to support the roof timbers, the common rafters, as B B, being carried 
by the purlins shown in cross section at E E, those again being 
carried by the gables, as also the ridge pole. Fig 2, Plate XV., 
is the plan of roof of a house nearly square in plan, the drawing 
showing to the right one half of the plan of outer or finished# or 
slated surface A a A, the other half to the right, showing the dis- 
position of the timbers b b, c c being the hip.’' The roof in this 
case is finished with a fiat part at the summit, as shown. 

We have now described the various parts of a king-post truss or 
timber framework of a roof, — ^those which form, so to speak, its 
skeleton. It only remains now to put up a timber flooiing or board- 
ing over the whole, in order that it may be covered with slate or 
zinc. The purlins and the ridge form the beams of this inclined 
floor , it will suffice then to add to it supports to which the coveiing 
boards may be fastened. 

The supports in this case take the name of common rafters, as c, c, 
fig, 9, Plate I. ; these pieces are placed on the purlins in the 
direction of the slope of the roof, and are supported by their upper 
extremity, cut with feather edge to the ridge pole, to which they are 
fastened with nails or pegs ; the rafters are generally simply nailed ; 
they are placed 18 to 24 in apart. 

The feet of the principal rafters are supported by .the wall, but not 
directly; they rest on a horizontal piece called the wall plate, to 
which they are nailed. The wall plate, or platform, is a' flat and 
wide piece which rests on the top of the walls and is secured or 
iointed (see Joints) on the ends of the tie beams. The wall plates 
receive, as we have just said, the foot of the rafters. 

When the walls are very wide, or the truss so made that the 
rafters or common rafters do not cover them completely — that is, 
project beyond — small pieces are added more sloped than the rafters, 
which are supported on one side by these latter, and their und':r 
sides rest on a small wall plate. This is illustrated in the form of 
high-pitched Continental roof in fig. 2, Plate XTI. 

It often happens that, to gain more space in the garrets, the walls 
are raised above the tie beams, as in this last figure. Then the 
principal rafters, instead of resting directly on the tie beam, are 
supported by a horizontal piece, as shown in the diagram. 

The Queen-Post Truss. 

We now proceed to illustrate and describe other forms of roof 
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trusses, of which the first we notice is that known as the queen 
post 

This truss, illustrated in diagram (fig. 10, Plate I.), is used in 
structures of greater size than those in which the king-post truss is 
employed, in which the ^‘span” or void between the walls to be 
bridged over, so to say, is wide ; or for situations in which a clear 
space is required in the centre of the attic or garret room above the 
highest story or within the inclosed space of roof. This free central 
space is obtained, as the reader will see, by dispensing with the 
central king post as used in the truss in diagram fig. 9, Plate T., 
and using two pieces or members which are modifications in form 
of the king post. Those pieces are termed “ queen posts,” are placed 
the distance apart required to give the clear central space above 
alluded to, and are shown in position in the diagram in fig. 10, 
Plate I., at and 5. Those are kept apart at top by a horizontal 
piece marked c, called the straining beam,” and at the lower part 
or feet by a similar but thinner part c?, called the straining sill.” 
The queen posts ” a and h are, like the king post in diagram fig. 9, 
Plate I., jointed or secured to the “ tie beam ” e, which is carried 
by wall plates.” The principal rafters, as g, rest at their feet 
on the tie beam e, and butt at their upper ends on the heads of 
the queen posts, as 5. “ Braces ” or “ struts,” as /, support the prin- 

cipal rafters g, and are connected at their lower end to the feet of 
the queen posts. The purlins,” h, are carried by the principal 
rafters, and carry the “common rafters” i ; the lower ends of which 
rest on the “ pole plates,” as and the upper ends on the “ ridge 
pole” 1. That in fig. 1, Plate III., illustrates a queen-post truss 
tor a wider span than that of fig. 10, Plate I. (the scale for which 
is below the figure). In this truss (fig. 1, Plate III.) a second 
set of “ queert posts,” a a, and struts or braces, b h, is added ; in 
trusses of this kind for very wide spans there are three sets of 
queen posts, with their braces. The methods in use for efiTecting the 
junction of the various parts both of “ king-post ” and “ queen-post ” 
trusses will be found illustrated and described in the appropriate 
place in preceding paragraphs on the joints used in carpentry. 

The Mansard, or Curb Roof. 

We have now passed in review in succession all the pieces which 
form the framework of a roof ; we have pointed out the difierence 
between the essential pieces and those which are only needed to 
strengthen the former. It is for the carpenter to judge if he should 
use the latter, according to the dimensions of the timber he has at 
command and the nature of the btdlding he has to roof over. 
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The trusses — Mng-post ’’ and queen post ’’ — which we have 
given in figs. 9 and 10, Plate I., and fig. 1, Plate III., as we 
have already said, are those generally used in ordinary or domestic 
buildings. We can, however, according to circumstances, modify 
the proportions of the height of the truss without changing its 
arrangements. We could, for example, make the height equal to 
the base while keeping the same arrangement of the pieces , these 
are modifications which the intelligent reader will easily make. It 
is sufficient for us to have pointed out the composition of these 
trusses and the manner in which the pieces should be arianged. 

We will not at present treat of the different forms of truss which 
are still in use, but which are inferior to those we have described 
both as regards simpficity and economy. There is, however, one 
arrangement of roof truss, which we illustrate. The Continental 
architect Mansard,” who was the inventor of it, gave it the name 
by which it is best known abroad ; that of “ curb ” roof being very 
generally adopted with us. Its use ijs extending amongst us, coinci- 
dent with the more extended adoption of that style of architecture, 
especially in public buildings, in which the high-pitched roof, so 
well known to Continental travellers, is a distinguishing feature. 
Examples of this form of truss, or modifications of it, are therefore 
to be met with more frequently amongst us than formerly, these at 
one time being confined chiefly to towns of the Continent. 

This form of truss is illustrated in the second diagram in fig. 1, 
and the half to the left in Plate XTI. The outline of the form 
is obtained by the following. From the centre of the ‘‘ tie beam,” 
and with a radius equal to the half of the width of the building, 
describe a semicircle ; divide this semicircle into ten equal parts, and 
carry two parts from the base to the first projecting point to the 
left, and three from this point to the summit at the middle of the 
curve ; join the projecting point with the summit and with the base, 
and two hues which determine the form of the roof are obtained. 
Two methods of arranging the roof truss are shown in the diagram 
— one on each side of centre line a 6. 

In some cases the semicircle is divided into four parts, and then 
the projecting point is at equal distances from the base and the 
summit. The projecting point determines the height of the upper 
tie beam, which is supported by vertical posts in the truss illus- 
trated to the right of the centre line a 6, second drawing in fig. 1 , 
Plate XVI. The braces or struts are joined to the main tie beam and 
to the upper tie beam ; they are supported by braces, such as shown 
by the dotted fine to the left of the centre hne a h ; these pieces, or 
others acting in the same way, are indispensable to prevent the 
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angular frame formed by the braces, and tbe upper tie beam losing 
its proper shape. This bracing up of the lower framing may be done 
in other ways. Thus, in the truss shown in half elevation to the 
left of centre line a h (see group of drawings in fig. 1, Plate XVI., 
the strut or brace shown by dotted lines may be used, this butting 
at the foot against foot of vertical post, and at upper end partly 
against lower side of tie beam and partly against the strut. The 
bracing or strutting will be more complete 4 the extra strut be given. 
This Mansard truss gives a wide space in the centre of the roof — 
'forming a good attic. In the truss, half of which is shown to the 
right of centre line a 5, the bracing up of the lower frame is ejffected 
by the disposition of the timbers which give a partition with a dooi^ 
at each side. 

Above the upper tie beam come the principal rafters, which are 
joined to the king post in the same manner as for a king-post truss. 
The principal rafters may besides be supported by braces, as shown. 
The ridge and the purlins are placed in the way that we have already 
pointed out. Mansard roofs are terminated like simple roofs, either 
by gable ends or by hip roofs ; they are also made with bays, and 
are, as we see, composed of nearly the same pieces of wood. When 
the Mansard roof forms a hip roof, a sloping part in the floor of the 
upper story or attic is made, in the same way as in roofs with king 
and queen post trusses — the height of the attic room gradually 
decreasing towards the eaves of the hip. At the time that Mansard 
invented the roof to which he gave his name, it was thought indis- 
pensable on the Continent to give a great height to the roofing of 
nearly all buildings. Many specimens of this are met with in the 
roofs of old buildings. Mansard was the first to think of utilising 
the immense space formed under those high roofs, by the truss he 
invented. Thus the part below the upper tie beam is generally 
divided into rooms, and the tie beam then serves to support the 
joists of the ceilings of those rooms. These rooms are called Man- 
sards. This system of trussing was certainly a great improvement 
upon the old forms, of which we give illustrations in fig. 7, Plate X., 
and figs. 2 and 3, Plate XII. High-pitched roofs form a feature 
of Gothic architecture, and we give in figs. 1, 2, and 3, Plate lY., 
forms of trusses for Gothic roofs. Fig. 1 shows a truss with an 
attic in the space having a coved or sloping ceiling — ^the sides 
sloping being formed by the struts or braces a h. The sides of this 
attic room do not go in or slope away to nothing in the corners c c, 
but are made vertical by the vertical pieces d e, which are called 
technically “ ashlets.'' The principal rafters are continued upwards, 
and the upper part finished precisely like a king -post truss — with a 
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false or extra tie beam. Tbe common rafters and purlins may be 
added, as shown in the bigb-pitcbed Gothic truss, in fig. 3, Plate 
lY., which gives, as shown, an open roof with coved or sloping 
ceiling. Another form of Gothic truss with curved or semicircular 
ceiling is shown in fig. 2, Plate lY. In this the curved ribs a a, 
the under side of which form the semicircular ceiling, are supported 
at feet by projecting horizontal pieces, h, called “hammer beams” — 
these supported by braces or struts, c, resting on stone “ corbels,” d, 
built into the walls. The faces of the struts, c, and the ends of the 
corbels, d, are generally curved to present a moulded outHne. The 
forms of trusses, as in figs 2 and 3, Plate lY., are adapted for large 
looms — as schoolrooms. In fig. 7, Plate XYI., group to the left, 
we give part elevation of a high-pitched roof obtained by “ camber- 
ing ” or lifting up the tie beams, securing them to the king post by 
wi ought or malleable iron straps. The whole strength of this roof 
truss rests in the integrity or strength of the iron straps. A truss 
for a many-sided (as a hexagonal) roof may be made on this principle 
—the foot of the king post in fig. 7 having as many sides as there 
are to be sides to the roof or in the building which it covers. The 
number of the tie beams — and of struts if these latter be used — is of 
course the same. Drawing Xo. 6, in Plate XYI. (group to the 
left of fig 1), shows part of the plan of a hexagonal or six-sided truss 
and building — the roof having at its upper part a lantern or sky- 
light, the outline of which is six-sided, as shown in the drawing, and 
the “lights” or sheets” of whicn are placed in the spaces between 
the rafters. 


Parts of Roofs — ^Roof Openings. 

Openings have to be made in the roofs both for the passage of 
chimneys and also to let in the light to attics. These openings 
always necessitate the interruption of several of the common rafters, 
which are sustained by transverse pieces of wood parallel to the 
purlins those straining pieces which are joined to the uninterrupted 
rafters nearly in the same way as the binding joists which support 
the joists are joined to the beams of floors. 

When the opening made in a roof is intended to let in the light, 
it may be closed by a glazed window skylight sash, which is raised 
or lowered like a shutter by turning on its upper horizontal side ; 
but when the opening is to be made in such a way that the window 
placed verti^lly in the roof may be seen from the outside of the 
building, it is covered by a small timber- work construction called a 
“dormer-window,” formed of two triangular parts or partitions, which 
are its sides, joined to the lateral rafters of the opening. 
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The sides of a “ dormer window ” support its roof. The “ dormer 
window ” is finished to the front by a fixed sash, forming a window 
to the front of the building, as shown in drawing No. 4 in 
Plate XVI. Group to the left in fig. 1 is side elevation of one of the 
sides of the dormer •window” in Xo. 5. This is composed of two 
vertical uprights, one of which is at g, joined to the two rafters, one 
of which is at a, by a cross-beam, li, parallel to the ridge ; of two 
horizontal pieces, as <i, supported by the cross-pieces, joined to the 
rafters on each side. These two pieces, as w'ell as the cross-beam 6, 
serve as a platform for the small roof to the dormer window,” the 
sides of which form a species of hip roof, h representing the hip 
rafters. The construction of these dormer windows presents, as we 
see, no difficulty. In roofs composed of hat surfaces they present 
the appearance of a small roof penetrating the front of a larger. We 
can modify in different ways the form and the composition of the roof 
of a dormer window, it is sufficient for us to have described one 
which it will be easy to modify according to particular circum- 
stances. The openings meant to give an outlet to the chimneys 
present the same appearance as the square openings made for the 
building of the dormer windows. 

Combined Timber and Iron Eoofs. 

Before proceeding to give illustrations of other departments of 
carpentry work, we have to describe forms of roof trusses in which 
timber is combined with iron — a species of construction largely 
adopted in this class of work. These forms, with the details of iron 
work, such as straps, tie rods, rafter boxes, etc., will together make a 
department of our paper of much practical interest to the pupil in 
carpentry work. We precede these examples of combined work by 
foims of trusses other than those given in the preceding paragraphs, 
in which the features of king-post and queen-post trusses are found 
more or less modified. In drawing No. 1, fig. 1, Plate XVI., we 
give a modification of the queen-post truss, as in fig 1, Plate III., 
which gives a fiat or terraced part, as cc, to the roof surface a-t 
the summit. In fig. 2, Plate XVI., drawing No. 4, we give 
elevation of a queen-post truss, with three sets of queen posts and 
two braces ; in this truss a third brace is sometimes inserted in the 
last triangle to the right and left extremities. Drawing in No. 3, 
same figure, is modification of the queen-post truss in which the 
central king post in upper part is continued downwards and joined 
to the tie beam. Drawing No. 5 is a design for a truss on the queen- 
post principle designed to support the framework for a tower on its 
central part. Drawing No. 6 is a truss giving a rising or coved 
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ceiling under, and No. 7 is a truss on the same principle as that in 
No. 3, but without the collar or straining beam, as a in this last- 
named drawing. 

In drawing No, 15, fig. 1, Plate XVII., we give elevation, and in 
No. 16, plan (both drawn to the scale in No. 17) of a conical roof 
circular in plan, as in No. 15, fig. 90, ante. In fig. 1, Plate XVII., 
a a is the tie beam for supporting the central shaft of the machinery 
in the building for which the roof truss is designed. In No. 16, 
aaaaiB the circular “ wall plate ” in which the feet of the principal 
rafters rest; the parts 5, 5, correspond to the ^‘purlins” similarly 

lettered in No. 15 ; c, c, c, c, the principals ” or principal rafters 
dj d, the filling-in or straining pieces. In fig. 90, p. 47, and in 
figs. 1, 2, and 3, Plate XVIII., we give drawings of trusses for roof-^J, 
which illustrate various methods of Continental construction in 
timber. 


Various Forms ot Eoofs.— Polygonal Eoofs. 

We give here a few remarks on polygonal roofs, which are often 
classed under the general term of pavihon roofs. A pavilion roof 
proper, however, has for its general features four sloping surfaces, 
as No. 6, fig. 90, p. 116, two of those being at the front and back 
or longest sides of the building, and two formed by the hips at 
the end, as shown; but the special feature of the pavilion roof is 
this, — that those four sloping sides do not go up to a point, as shown 
in the diagram, but stop short at a certain part of their height, and 
the roof is finished with a flat surface, the sides of which, parallel to 
the back and front walls, are the longest ; the ends parallel to the 
end walls being the shortest. The flat thus formed is of course level, 
or with its surface parallel to the floors of the house or to the ground 
level-hne. Considered in the sense of their having many sides, 
pavilion roofs may be defined as above — namely, polygonal. They 
are raised upon buildings the plan of which is square, or formed by 
some regular or irregular polygon ; they are composed of as many 
triangular slopes as the polygon has sides or angles, so that they 
form together a pyramid ; they are distinguished from one another 
by adding to each of them a qualification derived from the polygon 
which serves as a base for it. Thus, we say of a pavihon that it is a 
pentagonal, hexagonal, square, etc., according as it has four, five or 
six sides. The height of pavilions is very variable; but w^hen the 
proportions that we have pointed out for ordinary roofs are deviated 
from, it is because a more ornamental design is in view. 

If what we have already said upon roofs has been understood, the 
construction of pavilion or polygonal roofs will not present any diffi- 
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culty. Instead of Having two Mp roofs, two lateral or side slopes, 
we shall have four, five, six, or eight hipped surfaces. Ihe hips will 
be formed of half-trusses, the principal rafter of which is joined to a 
king post common to each of them ; these half-trusses taken two by 
two form actual ribs when the base is a regular polygon composed of 
an equal number of sides. If the polygon is irregular, or the 
number of sides unequal, the construction will not present any 
difficulty, although the half-tiusses are of difierent plans. 

When the dimensions of the polygon are not very great, we 
simplify the construction very much, and instead of half -trusses we 
use merely hips joined to the king post and the platform. These 
hips are joined together by purlins, and the rafters are placed exactly 
as in the hip-roofs of simple roofs. 

It is evident that the king post should always have a number of 
faces double the number of sides of which is formed the polygon 
which serves as a base to the roof — except, however, where there 
are no principal rafters, the only case in which it takes absolutely 
the form of the polygon. These short observations will suffice to 
explain the manner of building pavihons, and in the foregoing para- 
graphs will be found details relative to the hip-roofs of simple roofs 
which apply exactly to the roofs of which we are now treating. 

When the base of the pavilion, instead of being a polygon, be- 
comes a curve of any kind, the roof takes the form of a cone. . We 
shall examine an example where the base is a circle ; and what we 
shall say here will apply easily to those instances where another 
curve is adopted. 

These roofs are composed at first of the principal rafters, which 
are joined at the top to a king post, placed in the centre of the truss, 
and at the bottom to a platform or circular wall plate. The wall 
plate is sometimes double, in which case these two wall plates are 
joined together by cross-pieces. Small vertical pieces or ashlets 
placed on the second wall plate serve to strengthen the feet of the 
rafters. The rafters are strengthened by what maybe called secondary 
means by tie beams which are joined to the king post. 

The number of rafters is never more than eight or less than four. 
It is obvious that as these rafters are placed further apart in propoi*- 
tion to their distance from the summit, it is necessary to fill the void 
which they leave ; for that purpose, and at the height where the 
distance between the rafters becomes equal to fourteen or eighteen 
inches, they are joined by cross-pieces which serve to fasten the upper 
end of shorter or common rafters between the principals. If the 
roofs have much height, we may be obliged to place several rows of 
cross-pieces at successive heights. In general they should be made 
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wten the distance between the rafters is more than fifteen to eighteen 
mches. 

The wall plates and the cross-pieces should always take the curve 
of the part of the roof upon which they are supported ; in the present 
instance they have the form of a circular arch. The different pieces 
are joined by tenon and moitise. The construction of these cross- 
pieces demands particular care, because their outer surface should be 
conical, and should correspond exactly with the form of the roof. 
When the base of the cone is not in the form of a circle, the simplest 
method of constructing the wall plates and cross-pieces is to raise the 
curve on the plan, drawn in full, with a template, which is then 
applied to the upper and under faces of the pieces ; we thus obtain as 
exactly as possible the curve that they should have. 

The joints of the rafters and other parts are made in the same way 
as in ordinary roofs. In some buildings the roof forms only part of 
a cone ; that, however, does not modify the rules that we have just 
laid down : a section of a cone is made in the same way as a whole 
cone. 

Eoofs with Curved Surfaces. 

We now come to the forms of roof trusses of which the outer lines 
give curved surfaces. The variety of curved roofs is considerable; 
they are curved either on the inside or the outside, or on both sides 
at once. The simplest are the cyhndrical roofs which are necessarily 
used in buildings the plans of which are terminated by perimeters 
composed of straight sides. Groined vaults and cloistered vaults are 
used in certain cases, either to be hned with joiner-work, or covered 
with lathing coated over. Gothic arches are constructed sometimes 
of timber- work; they form merely a modification of the groined 
vaults (see the volume entitled ^‘The Building and Machine Draughts- 
man” for methods of laying out groins, finding the surfaces of 
cylindric roofs and domes). Hoofs may be spheiical, either on the 
outside or the inside. In the first instance they come under the 
category of domes ; in the second the spherical form is generally only 
an arrangement intended to receive a lining which gives to the wall 
the appearance of the intrados of an arch ; lastly, the spherical form 
may be apparent at once in the inside as well as the outside. Ellip- 
soidal roofs are used in the same circumstances as spherical roofs, 
either to present on the outside their forms surbased or raised, or to 
give to the interior the appearance of an ellipsoidal arch. In the 
first instance they are constructed like domes ; in the second, like 
spherical roofs. 

The constructions in timber-work the object of which is to present 
the interior appearance of a spherical or spheroidal arch are frequently 
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covered by conical roofs — a form wbicb agrees with that of tbe arch, 
and wbicb admits of rising ribs radiating round tbe vertical axis 
common to tbe two surfaces ; but when tbe timber- work wbicb gives 
in tbe inside tbe appearance of an elbpsoidal areb is to be covered 
by a conical roof^ there is sometimes some difficulty in joining tbe 
wood in sucb a way that tbe rafters may be sufficient for both sur- 
faces. 

It is obvious that tbe limits of tbis work will not permit us to 
give tbe details of these different constructions ; our aim here is to 
show tbe parts of tbe art of tbe carpenter to wbicb tbe workmen 
should every day have recourse, but we cannot enter into descrip- 
tions of work always difficult, not very often used, and for which 
there will be furnished detailed plans made out. We shall meet tbe 
scheme of our series of volumes if we give a brief description of two 
very ingenious methods used in tbe construction of curved roofs by 
substituting thin planks for, or rather making up or specially con- 
structing beams for, tbe solid beams generally used. 

Philibert Delorme contiived in 1561 tbe timber- work to wbicb be 
has given bis name. His aim was to construct at smaller expense 
than by means of tbe clumsy timber- work of bis time; and bis 
method is even now very useful when we have only planks or short 
pieces of wood at our disposal ; but when long pieces can be easily 
procured, tbe kinds of timber-wurk in wbicb these large pieces may 
be used to their full length will always be preferable. Philibert 
Delorme, however, never pretended that exclusive preference should 
be given to bis system; be only proposed it for cases where tbe 
workman has at bis disposal planks of little value, and small pieces 
of wood of whatever kind cut by tbe saw, Tbis system has besides 
the advantage of keeping out tbe tie-beams, wbicb have always a 
disagreeable effect, and wbicb are prejudicial to tbe interior decora- 
tion of tbe covered spaces. By tbis method of construction we can 
give to tbe outline of tbe roof tbe semicircular, elliptic or pointed 
form ; ^ only it is then necessary to change tbe cutting of tbe planks 
according to tbe curve which we wish to have. We content ourselves 
with pointing out tbe details of construction for a semicix'cular arch ; 
as to the rest it will be easy to deduce tbe modifications necessary in 
the particular cases wbicb may present themselves. 

^ The ribs or bemicycles a, fig, 1, Plate XVIII., wbicb form the 
kind of roof of wbicb we speak, are composed of curved planks 
fastened together with iron pins two by two, or three by three, in 
sucb a way that tbe end of tbe one corresponds with tbe middle of 
the other (fig. 3, Plate XVIII,). They are placed to tbe distance of 
sixty centimetres, at a metre one from tbe other, and are joined by 
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Horizontal ties or purlins^ 5, fig. 4, Plate XVIII., passing tfirongli 
and fastened with a peg at c to the planks,, to fasten them firmlj. 
These ties, h, are connected with or bind together three contiguous 
rafters, and are placed like rounds of a ladder. As the joints formed 
hy the Jnnction of the planks two by two should always correspond 
to the middle of the plank adjacent to them — that is, break joint ” 
— ^it follows that the planks of the extremities are either equal to 
the half of the others, or equal to one and a half times theii' length. 
Philibert Delorme fixes this length at about one metre, and the thick- 
ness of the planks varies from three to four centimetres, according 
to their larger or smaller resting-point. But in any case we should 
try to make the length* be contained an exact number of times in 
the curve to be made, if it is uniform ; and we must also arrange the 
pieces in such a way that the fibres will cross equally, in order to 
give to the joints of the curve all the strength of which it is sus- 
ceptible. 

To obtain the curve of the planks we draw first on a smooth sur- 
face two concentric curves, m o and It, fig. 3, Plate XVIII., in full 
size; these curves will be at a distance equal to the width of the 
planks, and according to the form wanted. Ve then mark the 
divisions d d, etc., through which we lead the dotted lines d e, etc., 
passing through the centre of the curve, and representing the per- 
pendicular joints of the planks ; this done, after having cut the latter 
all in rectangular parallelograms, we lay them upon the diagram in 
such a way that the inteiior angles f of each will touch the points 
which mark the divisions upon the curve I r, and the outer side will 
be tangent to the greates curve. We then cut away the parts which 
on either side go be3xnd the two curves, and which are : 1st, the 
small external triangles, as [f ei; 2nd, the inner part, dfr; and 3rd, 
the two other small triaigles, as m o, of the extremities, and result- 
ing from the obliquity ot the perpendicular joints with the large 
external and inner sides of the parallelogi'ams. 

To put up the ribs or rafters made with the plan^jis, the draught 
of which we have just pointed out, we join them at the foot by means 
of grooves made in a platform b, fig. 1, Plate XVIII., placed in an 
offset upon the half of the walls. Then, to complete the outer surface 
of the roof, planks v (fig. 1, same Plate) in the form of small rafters 
are used, which are fixed by a small wall plate resting on the wall. 
As to the summit or apex v, to which is generally given the same 
form as to those of span roofs with two simple slopes, it is constructed 
according to the same principle as the curved part — that is to say, 
that we place in each bay a species of rafter also made of planks 
joined together, but straight, to bear like the others the lathing or 
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flooring intended to receive the covering, these rafters add much to 
the solidity of the work. If it be desired to make a ceiling in the 
interior of the roof, it is made as usual by means of laths nailed 
upon the inner surfaces of the ribs ©r rafters. 

We add in the following table the dimensions of the planks for the 
curves composed of two thicknesses : — 


Diameter of 
the Curve 
Roof. 

Width 
of the 
Planks, j 

! 

Thickness 
ot the 
Pianks 

Observations. 

Metres. 

Metres. 

Metres. 

The horizontal ties will 
have at least the thickness 

8*00 

0*21 

0 027 

of the planks, and their 

12*00 

0 28 

0 040 

width will be equal to 
four times their thickness. 

20-00 

j 0*35 

0 054 

The keys will have the 

30 00 

0 35 

i 

1 0*070 

1 

thickness of the planks, 
with a width double the 

35 00 

0 35 

0*080 

thickness. 


The foregoing measurements are the directions of Philibert Delorme, 
the inventor of the system, the principle of which, we may add, is 
adapted to various kinds of timber construction. 

Curved Roofs. 

We now describe the method of forming curved roofs, as introduced 
by ^ Colonel Emy, director of military engineering in Prance, and 
which has been employed with great success in several of our large 
structures. 

The semicircles of Philibert Delorme are formed of planks placed 
end to end and flush ; M. Emy^s arches, on the contrary, are made 
of long and straight planks placed one upon the other like the leaves 
or sheets of a carriage-spring and curved in a semicircle on their 
flat side solely in virtue of their flexibility. The execution of this 
system of carpentry presents no difliculty beyond the capacity of an 
ordinary carpenter ; the work is much easier than that of the semi- 
circles made of planks on the Delormian system. In this there are 
only straight pieces. All the timber- work joints, into which these 
arches enter, are made by grooves without either tenon or mortise, 
as in all other kinds of carpentry. 

The first work of this kind was the shed of Marac, near Bayonne, 
in Prance, constructed under the direction of M. Emy, illustrated in 
fig. 2, Plate XVIII. Each truss is composed of a semicircular arch, 
the ends resting vertically on the walls of two vertical or strengthen- 
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ing timbers, of two principal rafters, and of a small horizontal couple 
or collar tangent to the ardh, and forming a tie-beam with short 
king-post. The whole is joined by braces perpendicular to the arch. 
The space between the floor and the arch is free. The arch is the 
principal piece of each truss, and upon its construction depend the 
strength and other advantages of this system of constructing roofs. 

The braces are grooved, as well as the full faces of the arches, to 
one centimetre in depth, so that they form joints of two centimetres, 
which have the double object of keeping the arches fastened and of 
forming rests which prevent the slipping of the joints one over the 
others. Two pieces of 1 centimetre upon the two faces of the arch 
are gxooved into the cheeks of the couples, to prevent splintering in 
the grooves of the joists. 

The vertical strengthening timbers (fig. 5, Plate XYIII.), are 10 
centimetres distant from the walls, but the first three braces of each 
side are prolonged beyond the vertical timbers, and penetiate 20 
centimetres into recesses of 30 centimetres of depth (formed in the 
mason-work as shown in fig. 5, Plate XVI IT ). The object of this 
arrangement is to profit by the resistance of the walls, for the timber- 
work exercises no pressure upon them , it merely keeps the ribs in 
the vertical planes, and prevents any leaning in the direction of the 
length of the building. 

Between the braces, which cannot be multiplied more without 
uselessly increasing the weight of the timber-work, iron straps and 
bolts are fixed, which press the leaves or planks of the arch together 
and prevent their slipping : the straps by making the surfaces 
adhere throughout their whole length, and the bolts by forming, 
besides their pressure, interior resting-points, because, being cylin- 
drical and driven by blows of the sledge-hammer into holes bored 
very exactly, they leave no play in the leaves or planks which they 
cross perpendicularly. These bolts are about 18 millimetres in 
diameter, and are 80 centimetres apart, and experience proves that 
they do not cut the grain of the wood in an injurious manner. 

We thus see that the braces, the straps and the bolts make the 
planks of an arch, so to speak, conjointly support one another, and 
effectually prevent their straightemng. In an arch of 5 planks and 
20 metres of opening, the development of the extrados is 60 centi- 
metres more than that of the intrados ; straightening is consequently 
impossible. Many experiments have proved that the tendency of 
arches to rise is very feeble; arches joined only with straps, without 
braces or bolts, left suddenly to themselves upon the block, have 
opened only 16 centimetres — that is to say, about 8 centimetres at 
each end : one man could without difficulty prevent this slight separa- 
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tion ; tb-us the pressure proper of an arch, resulting from its force of 
elasticity, is almost niL 

In each truss three large triangles are formed outside the arch by 
the vertical strengthening pieces, the principal rafters, and the collar 
or tie beam. Their combination with the arch and the perpendicular 
braces composes a truss as invariable as permitted by the flexibility 
of the wood and the play of the joints ; but in this system it is the 
inflexibility of the arches principally which produces the invariability 
of form, and entirely does away with the pressure of the truss on the 
top of the walls. 

The leaves or planks which enter into the composition of an arch 
are 55 millimetres thick, 13 centimetres wide, and from 12 to 13 
metres long. Two joists and a half, end to end, with square joints, 
are sufficient for the development of the arch. The joints are dis- 
tributed in such a way that each of those of one row corresponds 
only to another joint of another row, and all are covered by perpen- 
dicular braces. All the pieces of the truss are 13 centimetres thick, 
like the arch and the principal rafters, except the vertical strengthen- 
ing joists, the thickness of which has iDeen carried to 20 centimetres. 
The trusses are placed at a distance of 3 metres from centre to centre, 
and are joined together by the ridge-pole, by the under-ridgeboard 
couple, by the purlins, and by free horizontal couples which embrace 
the pendent braces, fig. 2, Plate XYIII. 

The resistance should not be the same in all parts of the arch, and 
we should strengthen the parts which in the joists correspond to the 
joints most liable to break. The numbers between the braces on the 
different parts of the arch, fig. 2, Plate XYIII., indicate the number 
of planks used in the construction of the arches of the shed. 

The invention of arches with curved joists on their flat side has 
tended to great progress in the art of carpentry. This system, easy 
of execution, joins elegance to economy. Compared with the Delorme 
system, arches on the Emy system are very economical. They are 
much stronger, which admits of placing them 3 metres apart, whilst 
the hemicycles are only about 70 centimetres. However, the square 
of the arches is not double that of the hemicycles Thus, there is a 
saving of nearly half on the cube of wood. The timber-work of the 
shed, illustrated in fig. 2, Plate XYIII., necessitated the use of 
about 165 cubic metres of wood, whilst, for the same work done on 
the Delorme method, 233 cubic metres would have been required, 
and to construct a similar roof by the ordinary method 192 cubic 
metres would have been necessary. Exact calculations have shown 
that, for a portion of about 14 metres, the expense is the same for 
ordinary carpentry as for Emy^s system. For the smallest buildings 
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there is economy in employing ordinary trusses, but for larger build- 
ings the advantage is on the side of the Emy system. In many cases, 
especially when we wish to get rid of tie beams, these curved trusses 
may be used with advantage, even upon buildings of no great width. 

Eoof Trusses of Timter in Combination with Iron. 

We now come to the illustration of roof trusses in combined work 
in which both timber and iron are used. Wrought iron is possessed 
of a much higher power of resisting a ^Hensile’’ strain — a strain 
tending to pull the fibres apart — than timber, which gives^ out its 
best capabilities when used to resist compressile ” strains, or to 
resist “ compression.” In combined work, therefore, we find that the 
parts which are under tensile strains, as tie rods, king-bolts and 
queen-bolts, are made of wrought iron ; the parts subjected to com- 
pression, as rafters and braces or struts, are made of timber. If cast 
iron be used in combined work, it is employed chiefly for boxes to 
receive the ends of other parts (see fig. 1, Plate XYII., and Plate 
XIX.). Cast iron in wrought-iron roofs is also sometimes used to 
form the struts or braces, or those parts which are under com- 
^ pression. In the examples of combined work in roof construction in 
fig. 2,^ Plate XVII., in Xo. 1 the “ collar ” or tie ” is of wrought 
iron, jointed to the cast-iron struts h h, in which the principal rafters 
lie, these being bolted to the rafters. In Xo. 2 the suspension rod 
or king-5o?^ a takes the place of the timber king-jon^^. In Xo. 3 the 
rods a and h are of wrought iron. In Xo. 4 the struts or braces a a 
aie placed in, or butt against, mortise holes in a cast-iron shoe b. 
Tie rods, cc, are passed through the lower ends of, the rafters dd, 
and secured by bolts and nuts. The upper end of the rafters d d are 
housed ” in recesses made in the cast-iron rafter box e, while this 
carries at its lower part an eye, to which is jointed the upper end of 
the tie rod/, which passes through a.t its lower extremity the box 6, 
and secures also the tie rod c c. In Xo. 5 the “ straining ” beam a is 
housed in the cast-iron shoes bb; queen-bolts, as// pass at their 
lower extremities through cast-iron shoes e e, and also through the 
tie beam, and are screwed up by nuts as shown, the whole being 
thus united together ; the straining sill ” lies between the cast-iron 
shoes c c. These also afford “housings ” for the struts or biaces, as 
shown. In Xo. 6 the king and queen bolts are of wrought iron, 
the tie beam, principals, common rafters, and purlins of timber, 
with cast-iron shoes. In drawings Xo. 1 to 14 inclusive, in fig. 1, 
Plate XVII., we illustrate the elevation and details of a combmed 
wood and iron truss on the queen-post principle. 

In fig. 1, in this Plate, we give half elevation of a roof in which 
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iron and wood are combined (scale in jCSTo. 18). INos. 2 to 14 are 
various details of this roof, drawn, to a scale of 1 in. =1 ft. N'o. 2 is 
a side elevation of the cast-iron shoe, as supporting end of rafter &, 
No. 1. In No. 2, a is the snug, ear or projecting point to which 
the end of tie rod c c (No. 1) is jointed. No. 3 is the plan and No. 4 
the section of shoe. In place of the tie rod being jointed at a, it 
may pass through the shoe, as at h 6, No. 4, and be secured by the 
nut c. No. 5 is a vertical section of shoe on dotted line (No. 4), a 
being the aperture through which the tie rod passes. No. 6 is 
section, No. 7 end elevation. No. 8 plan of top, and No. 9 plan of 
under side of cast-iron shoe, d (No. 1), on which the end of collar- 
beam c and upper end of rafter b h are housed. No. 10 is elevation 
and No. 11 sectional plan of cast-iron shoe, / (No. 1), which carries 
the purlin g, the shoe being bolted to the side of the ralter b b. No. 12 
shows the junction of the lower termination of king-bolt and tie 
rods, at the point h in No. 1. In No. 12 a is part of king-bolt, 
which passes through the apertures made in the plates (of which a 
plan of one is given in No. 13), 65, cc. The ends of the tie-rods ai^e 
at d d, being finished with circular eyes, as shown in detail at No. 14. 
These are secured to the plates bb, cc, by bolts and nuts, as shown 
in No. 12. 


Roofs of Timber and Iron Combined. 

We now give illustrations of details of combined work ; and first 
of “ straps ” of wrought iron used to increase the security of parts 
of timbers at their points of junction. In figs. 4, 5, 6 and 7, 
Plate XX., we give various forms of straps ” ; these are placed on 
both sides or faces of the timber — ^the forms shown in the figures 
being made in duplicate. They are secured to the timbers either by 
strong nails or holdfasts, or m superior work screw bolts and nuts 
are used ; the bolts are passed through eyes made in the straps, as 
in Nos. 1 and 2 in the figure, and also through the timber — the bolt- 
head butting against the face of the strap, the nut by which the 
bolt is screwed up butting against the other. Plat keys and cottars 
are sometimes used to secure the straps and the timber together ; a 
key end is shown in section in the lower part of strap in fig. 4, and 
the upper part of fig. 5. Of the forms in this figure those to right 
of fig. 4 and to left of fig. 5 are used to connect the head of a king 
post with the upper ends of rafters. The strap to right of fig. 5 
is used to connect the foot of king post, feet of braces or struts, and 
tie beam ; strap to left of fig. 4 to connect tie beam with foot of 
brace or strut in a queen-post roof, and these two with the tie beam ; 
strap to left of fig. 6 a collar beam with rafters ; fig. 7 ditto ; and 
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strap to right of fig. 6 a straining beam of a queen-post roof with 
head of brace or strut and with queen post. In fig. 1, Plate XIX , 
in Xos. 1, 2, and 3, other forms are shown, Xo 1 illustrates a form 
of strap for uniting the foot of a king post and the struts or braces ; 
Xo. 2 a form for uniting the extremities of the queen post/' 
brace/' and “straining beam"; Xo. 3 a form for uniting “a 
collar" with the rafter. In Xo. 4 a is a section of the cast-iron 
“ shoe " which is built into the wall, and receives the end of the 
beam 5 ; c is front elevation of the same. Details of roof, drawing 
Xo. 1, fig. 2, Plate XVII. Xo. 5, fig. 1, Plate XIX., shows an 
elevation of the rafter-shoe, 5, in Xo. 1, fig. 2, Plate XYII , and 
Xo. 6 a plan. Details of roof Xo 3, fig. 1, same Plate. Xo. 7, 
fig 1, Plate XIX , is elevation of rafter-box, c, Xo. 3, fig 2, 
Plate XVII., which receives the upper ends of the rafters. Xo. 8 
is a side view of the same. In Xo. 9, fig. 1, Plate XIX., a is 
side and h end elevation of the part marked d in Xo. 3, fig. 2, 
Plate XVII, The same letters denote similar parts in both figures. 
Details of roof m Xo. 4, same Plate. In Xo. 10, fig 1, Plate XIX., 
we give side, and in Xo 11 end elevation of the shoe marked h in 
Xo. 4, fig. 2, Plate XVII. The rafter-box or shoe e will be of similar 
design to that in Xo. 7, fig. 2, Plate XIX. Details of roof in 
Xo. 5, fig. 1, Plate XVII. ^ Xo. 12, fig. 1, Plate XIX. is side 
elevation of “ shoe " for receiving the end of the strut d and suspen- 
sion rod/, Xo. 5, fig. 2, Plate XVII. Xo. 13, fig. 1, Plate XIX., 
is side elevation, and Xo. 14 plan, of shoe for receiving end of prin- 
cipal rafter, and strammg beam a, Xo. 5, fig. 2, Plate XVII. 
Xo. 15, fig. 1, Plate XIX., is side, and Xo. 16 end elevation of 
shoe for receiving end of principal rafter, g, and the pole plate i, 
Xo. 5, fig. 2, Plate XVII. Details of roof in Xo. 6, fig. 2, same 
Plate. In Xo. 17, fig. 1, Plate XIX., we give side, and in Xo. 18 
end elevation of shoe, for receiving end of strut h, suspension rod c, 
and rafter d. The rafter shoe, e, Xo. 6, fig. 2, Plate XVII., will 
be of the same design as Xo. 7, fig. 1, Plate XIX. ; the shoe /, 
Xo. 6, fig 2, Plate XVII., as Xo. 12, fig. 1, Plate XIX.; the 
shoe Xo. 6, fig. 2, Plate XVII., the same as Xo. 10, fig. 1, 

Plate XIX. Xo. 19 is plan of shoe in Xo. 17. Xo. 20 gives side 
elevation, and Xo. 21, fig 1, Plate XIX., plan of a method of 
securing a beam, a, to another, 5— which it crosses at right angles — 
by the strap c. In Xo. 22 is given front, and in Xo 23 side eleva- 
tion of a shoe, a, for receiving the end of a beam, h, which is placed 
horizontally and at right angles to the face of the upright post, c. 
In Xo. 24 we ^ve side elevation of a cast-iron shoe, a, bolted to the 
side of an upright post, part of which is shown at 5, to receive the 
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end of a beam, c, acting as a strut or brace. JSTo. 25 is tbe scale 
for all tbe drawings in fig. 1, Plate XIX. 

General Framing — Centres. 

Tbe special constructions in carpentry of floors, partitions, and 
roofs having been discussed in the preceding sections, we are now 
prepared to take up what may be called general constructions, sucb 
as centres for arches, bridges, scaflblding, and the like. To those, as 
well as to tbe special structures just named, the various forms of 
joints or methods of arranging and construction, the junction of the 
several pieces constituting tbe framing or framework are applicable. 
We shall take up first tbe subject of centres for arches — generally 
called centering — or more frequently and popularly as centring.’^ 

^‘Centres” are timber framings which serve to support tbe masonry 
or brickwork of arches, or curved tops of openings in walls, etc., 
during their construction, and until the ‘^settlement” of their crowns 
has rendered them capable of standing alone. From this point of 
view “ centres ” are practically scaffolds ; they become props when 
they are put up under old arches which have to be repaired or 
demolished with precaution, either to prevent the accidents which 
might happen to workmen, or to save the materials which might be 
damaged by their fall. 

Although “ centres ” cannot be constructed without the aid of the 
carpenter, they do not belong so exclusively to his province as other 
wooden constructions. The engineer who has made the plan of a 
bridge, and who in consequence knows the resisting powers of the 
materials employed, should also draw the plans of the centres which 
he designs. 

We, however, give some designs of centres to show the usual 
arrangements ; but there will remain to be determined the propor- 
tion of the pieces, which should vary for each construction. A 
“ centre ” is composed of a certain number of frames joined together 
by cross-bars, and on which are fixed horizontally planks or pieces 
of timber which form the floor of the centre on which the stones or 
bricks are laid forming the arch. The timber framing may be called 
a wooden arch, used temporarily to support the materials of the 
permanent arch. The simplest form of “centre” — that used by 
bricklayers in “turning the arches,” to use the technical phrase, 
which is constantly done over ordinary door or window openings — 
is shown in drawing Xo. 1 of fig, 2, Plate XIX. Close to the 
jambs, cheeks or reveals of the opening in the wall a a, which is to 
be finished with an arch^ — semicircular in the drawing (see the volume 
entitled “The Bricklayer” on arches) — posts or “uprights,” as 5 5, 
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are placed vertically. Tliese are of breadth equal to the thickness 
of wall where this is small, as in a nme-inch wall ; or if the wall 
be thick, the posts are placed in two sets, one at each side of the 
wall, fioiit and back, or three posts may be set at side of the opening 
across the thickness or width of wall. These posts at their upper 
part carry cross-pieces or wedge blocks, cc, and on those rest the 
lower parts or edges of two pieces of timber, d, d, the upper surfaces 
of which are cut to a curve, so that when placed together, butting 
at the central joint, the surface forms a semicircle which is that of 
the under side, intrados or soffit of the arch which is to cover or 
finisli at top or upper part the opening in the wall a a. These 
timbers d, d, carry at intervals cross-pieces, c, e, termed bolsters'^ or 

holster pieces,” placed close together, in all cases having intervals 
less than the width of a brick. On these bolster pieces, as on a 
timber floor or platform, the bricks are laid, or stones if it be 
masonry. When the bricks or stones constituting the arch are fairly 
“ settled,” or reach what is called their proper bed ” without fear 
of forcible settlement, the centering ” or centre ” is “ struck ” — 
that is, the blocks or wedges cc are driven gradually out, which 
relieves the timber- work above, allowing the masonry or brick woik 
to settle gradually on its bed. Finally, the wedges are wholly driven 
out, and the woodwork used to turn other arches of the same form 
and dimensions. The feet of the posts h h are prevented from sinking 
into the ground in the case of an opening, as that of a door on the 
ground floor, or made to bear equally on the brick- or mason-work 
of a window-opening, by their resting upon a cross-piece or sill 
stretching across the full width of the opening, resting on the ground 
in one case, and on the biick or stonework in the other. The wedges 
for driving up and for striking the centre are in some cases placed 
between this sill and upright posts, in place of putting them as at 
c c in the drawing. 

Fig. 2, Plate XIX , in drawing Xo. 2, represents a more com- 
plicated ariangement of centre framework than that shown in Xo. 1, 
but still a comparatively simple form, which is used for small arches. 
It is composed of a tie beam c, king post and struts d, and curved 
pieces e e, which correspond to the principal rafters of the roof truss. 
These curved pieces are intended to receive the cross-pieces of timber 
called the bolsters, as ee in Xo. 1, on which are placed the bricks or 
stone of the arch. The tie beam is sustained by three posts 
which are joined to or rest at the foot on another cross-piece on the 
ground, and called, as we have seen, a sill. It is not absolutely 
necessary to place the side posts, as /,/, vertically; they may be 
inclined, as shown by the dotted lines g in drawing Xo. 2, Acting 
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in this way as struts or braces, they butt at tbeir feet against the 
foot or lower part of the central post /. The diagram to the right 
of the centre line a d in fig. 2, Plate XIX., No. 2, and that in 
No. 3, show other arrangements of simple forms of centres. Pig. 6, 
Plate XVIII., will illustrate the parts and the method of striking 
the centre of a simple arch, as in No. 2, fig. 2, Plate XIX. In 
fig. 6, Plate XVIII., a a represents part in side elevation of the 
curved “rib’^ corresponding to e, dd the bolsters placed together, or 
separated as at e. The edge view of those parts is shown at de, 
which is the edge of the rib a ; two sets of ribs — and in some cases 
a third or central rib — are used, as at each face, front and back, of 
wall. The bolster pieces /, 7i, g, are placed and rest on the edges of 
the ribs, and are a little longer than the thickness of the wall. The 
lower part of a “rib” is shown at i, resting on a tie beam, part of 
which is shown at J ; h is the thin end of one wedge, and I the thick 
end of another, both being driven in opposite directions, as shown 
in side elevation at p and q. In this r corresponds to and is edge 
view of vertical post m, which carries one end of tie beamy and end 
section at o, n being side view of rib i. 

In very wide arches we are obliged to employ systems of framework 
more complicated in proportion as the wood used is in shorter lengths. 
Pigs. 7 and 8, Plate XVIII., represent two designs of centres, which 
may give some idea of the usual arrangements m this kind of con- 
struction. The first, fig. 7, Plate XVIII,, is composed of polygons 
inscribed one within the other; the second has a false tie beam. 
This latter (fig. 8, Plate XVIII.) may be preferred as being better 
calculated to resist the pressure of the arch, which is rendered 
evident when we consider its component parts. It is formed of a 
tie beam a, a false tie beam A, a king post 5, strut or brace c to 
support the false tie beam, a brace d placed in the prolongation of c, 
and intended to support the king post h, a straining or strengthening 
sill, e, placed on the false tie beam h to form a counter-prop at the 
same time to the king post h and the brace o, a post f supporting the 
end of the false tie beam ; lastly struts, as &, serving to keep together 
the other pieces. 

It should be remembered, in the arrangement of a “ centre,” that 
it is above all exposed to a very strong lateral pressure ; the arch- 
stones are placed commencing at the bottom of the arch, both sides 
at once, so that all the strain tends to break the centre in raising its 
upper pait. If this observation is taken into consideration, it will 
be easy to see the superiority of fig. 8 over that in fig. 7, Plate XVIII. 
In this latter the oblique strain supported by the joints is consider- 
able, which is a great disadvantage; we are, however, obliged to 
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employ it wlien the pieces made use of are not long enough. In 
this case care must be taken to place in the middle of the centre 
a weight, which will prevent it rising, and which is increased in 
proportion as new arch-stones are put on. 

The •way in which an arch is sustained on the framework of the 

centre ” during construction depends on the nature of the masonry 
which composes it. When this is of ashlar or brick work it is 
supported, as we have seen, on a flooring of planks or pieces of 
timber exactly the shape of the arch, which is regularly rounded like 
it, and which serves as a mould for it ; then bolster pieces, planks, 
and pieces of timber are nailed upon the outer surface of each frame, 
the outer part of which forms a curve concentric to the intrados of 
the arch. 

When the arch is dressed in free-stones which form regular arch- 
stones, each arch-stone is sustained on the centre by means of bedding 
blocks. These are long pieces of squared wood laid down horizontally 
and parallel to the curve of the surface of the arch or vault. They 
are feed on double blocks cut in a wedge form, which rest on the 
outer part of each rib, and enable these pieces to be placed at the 
exact distance which should separate them from the arch. These 
blocks are often nailed to the rib, in order that they may remain in 
the places assigned to them. 

Timber Work in Scaffolding. 

Hesuming illustrations and descriptions of general framework in 
carpentry, we now take up the subject of scaflblding.” Scaffoldings 
are timber structures or erections raised above the ground, and are 
temporarily made use of to facilitate the construction of buildings. 
They are intended to raise the workmen, the materials, the tools, 
and the machines to a certain height or to different heights above 
the ground. They are di-yided into two classes : simple, and joined 
or jointed scaffoldings. The first are used for ordinary buildings of 
the smaller size. For brick buildings they are generally formed by 
means of large vertical poles, placed parallel to and four to five feet 
distant from the walls in course of construction, sunk in the ground, 
and sometimes consolidated by heavy stones, or stones fastened -with 
plaster or mortar. Th^ interspace given to the poles is from five to 
six feet. They are bound together by horizontal poles, technically 
called ledgers,” which are fastened by ropes to the vertical poles, 
and at a height corresponding to the required level of the first plat- 
form or working stage. These ledgers are also intended to prevent 
the erection moving, and to bear other transverse and stiort poles 
or pieces called putlogs,” which are also bound to the poles at one 
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end with ropes, and at the other fixed to the wall in course of con- 
struction. Upon these cross-beams of timber planks are laid, to 
form the stage or flooring upon which are to be put the materials 
used in the building. 

Scaffoldings of this kind often consist of several stories placed one 
upon the other in proportion as the building progresses. When the 
poles are not sufficiently long to reach the top of the building, they 
are lengthened with other poles attached to the first with ropes till 
they reach the desired height. 

The holes made or left in the brick wall for the putlogs ” are 
stopped up in propoition as the scaffolding is taken to pieces, which 
is done by commencing with the upper part. But when we wish to 
avoid making holes in the walls — which always injures them more 
or less, and which is sometimes not easily practicable — one is obliged 
to use, to keep up the stages or platforms, a double row of posts, 
which are then placed along the wall; or, better still, to rest the 
latter on the window-sills, fastening them in the inside, as space 
permits, to prevent the scaffolding upsetting. We may also, for the 
case in question, rest some of them on the projecting parts of the 
wall when there are any. 

Joined or jointed scaffoldings are those employed for large build- 
ings. They are when large constructed with heavy squared timbers, 
technically called balks,” so that they may be strong enough to 
resist the very heavy weights they sometimes have to bear, such as 
blocks of stone, machines serving to elevate the materials, etc. They 
are arranged like the preceding scaffoldings, and are formed of 
uprights or pieces of wood placed vertically, sunk and made fast in 
the ground five feet or so distant from the wall. They are often 
supported by other timbers stretched horizontally on the ground, 
serving in the same way as wall plates in roofs. These uprights are 
bound together by other pieces placed horizontally, on which rest 
the small joists which are to receive the flooring boards or stage 
planks. The framework is resolved into triangles, on the principle 
of the truss, in order to give more solidity or firmness to these 
scaffolds, by means of straining sills, struts or braces, etc. One 
should, as far as possible, avoid using too great a number of pieces — 
always injurious to the solid execution of work. In good building a 
scaffolding should be simple, solid, and adapted in every respect to 
the use for which it is intended. The different pieces which form 
it may be joined with the simpler forms of joints in the “ half -lap,” 
or even with tenon and. mortise joints. We must, however, avoid 
unnecessarily cutting up the pieces, so that they may be used for 
other purposes without too great loss. 


10 
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We may give to scaffoldings foi-ms different from those that we 
have just described. For example, they may be suspended, either 
to avoid obstructing the public road, or when the building in course 
of construction is on the brink of water. They may also be adapted 
to the interior work of large houses ; but it is impossible to give a 
description of them here, because their combinations may be varied 
ad infinitum, according to the nature of the work to be done, the 
weight of the materials, the number of the workmen, and the 
peculiarities of the place. It is from these considerations that the 
architect or the master carpenter must judge for himself of the 
means to be employed to put up wholly and suitably this kind of 
apparatus. 

In fig. 9, Plate XVIII , we give illustrations of different forms of 
scaffoldmg used in the construction of large undertakings, such as 
public works. In fig. 9, Plate XVIII , we give elevations of two 
forms of the kind of scaffolding known as gantries.” This is 
composed of a beam a a, as in drawing to the left, in which a 

travelling crane ” — hand wrought or steam worked as the case may 
Le — is supported at a height above the work to be done sufficient 
to give ample space for lifting or working. The beam a a carries 
iron rads, along which the wheels of the “traveller” run; two 
beams being placed parallel to each other, and of course at a distance 
corresponding to the working space beneath, and over which the 
traveller is carried or spans. The beam c&ct is formed in lengths 
joined to each other, so that the desired length of travel is obtained ; 
one row of beams being placed at one side of the working space, one 
row at the opposite side, and peifectly parallel to each other. Those 
beams are carried on, or supported by, vertical beams placed as posts 
at intervals, as 6 6. * These are sunk at feet a short distance into the 
ground, and, if this be loose, may rest upon stone or timber plates. 
From what has been said of the principle of the “ truss,” this form 
of scaffolding or gantry will depend for its stability solely upon the 
strength of the vertical posts, their fixedness in ^ the soil, and the 
secure way in which the beams are connected to the posts acting, as 
the beams a a will act, as ties. The correct way of forming a strong 
structure of this kind is by resolving the quadrilateral-sided spaces, 
as in drawing to the left of fig. 9, Plate XVIIL, into a series of 
triangles, by running braces or struts diagonally, as k h, from one 
post to the other, or two braces crossing each other, as in fiig. 2, 
Plate XXI. This last arrangement is partly shown at the foot 
of post g in fig. 9, Plate XVIIL Short struts or braces may be 
used, as shown at // in this figure. The drawings to right of 
fig, 1, Plate XXI., and fig. 2, same Plate, illustrate other forms of 
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scaffolds used in large work ; fig. 1 being that used in the construc- 
tion of a breakwater for delivering material right and left. 

The pieces of wood which serve as a temporary support to the 
upper parts of a building when we '^inderpin ’’ the walls or any part 
of them, or when we make in a facade a shop*door or a carriage 
entrance, keeping out, in consequence, one or two piers of the 
ground-floor to replace them by a breast-summer or a girder, assume 
different forms according to the nature of the work of ^'underpin- 
ning.'^ In fig. 4, Plate XXI., we give an example of a framing for 
a certain class of underpinning. 

The timbers used in underpinning have sometimes very consider- 
able weights to bear : that of a whole fagade, of floors, etc. It is 
therefore necessary that they should be joined together in such a 
way as to replace the support given by the wall or that part of the 
wall which has to be demolished ; it is also necessary that the pieces 
should be of a sufficiently strong section, that none of them should 
tend to counteract the e&et of the others, and that they should all 
contribute to the same end, which is, to sustain and maintain equally 
all the parts requiring to be propped. 

It would be difficult to give fixed rules on the mode of joining the 
pieces which should form a framing for underpinning. Experience 
only can teach how they should be placed, for their arrangement 
must vary according to circumstances. But, in general, we must 
pay regard to what has already been said about avoiding the use of 
too great a quantity of wood, for it would unnecessarily increase the 
expense, besides impeding by too much wastefulness the free execu- 
tion of the work. 

When an opening has to be made, say as for a shop-front or a 
carriage entrance, taking away part of the wall of the ground-floor, 
we commence, to prevent shaking in the upper parts of the wall, by 
placing along the jambs of the window openings, if any, above, and 
which correspond to the opening to be made, pieces standing vertically, 
and jamming them up against the sides or reveals of the opening, 
which are supported x)r kept apart by several diagonal pieces or props 
sloped alternately in contrary directions. 

Several holes in the wall ai*e then cut out below to receiver strong 
pieces or beams of wood projecting some distance in each side of the 
wall. These cross-pieces are supported at each end by two posts 
placed obliquely or sloped in the contrary direction, as at e e e e, in 
Plate XXI. (to right of figure). We then take away the 
part of the wall intended for the opening, and put in the girder or 
the breast-summer, which should be supported at its ends by the 
jambs of the opening. The posts or standards are placed on timber- 
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plates; the foot is bevelled on both sides, and in order that they 
may be supported entirely by the plate wedges fastened with nails 
are used. 

There are combinations of timber work employed for a wide variety 
of work, such as is met with in the practice of masonry ; some of 
these will be found illustrated in the volume dealing with the work 
of “The Mason’'; others, as simple bridges, will be illustrated pre- 
sently in this volume. We give in fig. 7, Plate YI., a sketch 
illustrative of a species of scaffolded floor which has to sustain heavy 
machinery ; this being the elevation, and fig. 6, Plate YI., the plan, 
and fig. 6, Plate YI,, being the elevation of end. 

Buildings under repair, or in a shaky condition, are secured or 
propped up by a modification of timber scaffolding to which the 
name of “ shoring up ” timber is given. “ Shoring up ” is also often 
req^uired in making the excavations for foundations, if those be deep ; 
in making the cuttings for sewers, cuttings for roads, etc., till 
the retaining walls used in the latter can be built. In fig, 4, 
Plate XXI., ah c illustrates a simple form of “ shoring up ” the 
exposed face of a cutting — boarding being pressed up against the 
face of cutting — and this being kept in place by the struts or braces 
c, c. The diagram at d e,fg, shows two methods of securing the 
feet of the braces. The diagram to the right illustrates a trussed 
arrangement of timber pieces used m shoring up the side of a house ; 
diagonal struts, as h and being used in addition to the oblique or 
sloping main pieces. The diagram at the bottom represents two 
methods of shoring up excavations for sewers in watercourses. In 
the smaller cutting to the left the sides are supported by boarding 
or planking, nn, kepttapart by horizontal or straining pieces, o,y?; 
in the other cuttmg two verticals, q, q, are supported by the diagonals 
s, tj and pieces r. 

Timber Construction in Bridges. 

“Gangways” and “foot bridges” are still frequently made of 
timber, the latter especially in rural districts, where larger structures, 
as those having a single cart or carriage way, may be made of the 
same material. The simplest form of “ gangway ” used, for example, 
to secure communication between two buildings separated from, but 
not far away from, each other is that shown in upper diagram in 
fig. 5, Plate XXI. This is made with two beams, as a, a, one 
placed at a distance from the other equal to the desired widijh of 
footway or platform, but both parallel to each other ; these span the 
opening h 6, and carry the cross-boards forming the footway, a light 
hand-railing being put up on each side of the footway. But unless 
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the beams a, a, be very strong — and the weight would increase with 
the strength — the tendency of the weight thrown upon the gangway, 
as that indeed of the beams themselves, would be to cause them to 
bend or belly ” downwards, as shown roughly by the dotted lines. 
The simplest method to prevent this, and make much lighter beams 
as strong, is illustrated by the beam d d, braced by the struts e, e, 
the lower part of these bearing or butting against the sides of 
opening //; g shows two of the rails with part of the handrail 
joining the tops. A ‘‘ framed gangway ” is shown in the third draw- 
ing in fig. 5, Plate XXI., on the ‘‘ king-post,” and another in the 
fourth drawing on the ‘^queen-post” truss principle. In both of 
those trusses the framework stands above the level of the approach 
on either side, the footway planks resting upon the upper faces of 
the beam, hh and mm; the side supports or protection posts are 
formed by the king post queen posts o, o, the struts or braces k k, 
5 , and upper rail or piece ii, nn, so that small handrails may be 
dispensed with, or, if used, used only to fill in the parts as shown at 
I and or partly filled in. For comparatively short spans or narrow 
void spaces to be bridged over, the simple form of single trussed 
beams will suffice, such as we illustrate in figs. 5, 6, and 7, Plate IX., 
or as in figs. 7 and 8, Plate YIII. 

These forms of trusses may be used for foot-bridges of considerable 
span, crossing streams and small rivers. But for wider spans special 
trusses should be designed, which will give not only stronger forms, 
but structures presenting a more pleasing appearance to the eye 
than either the king-post or queen -post truss in fig. 5, Plate 
XXI. Fig, 6, Plate XXI, gives an example of Continental con- 
struction still met with in some of the old fortified towns, 
where the moat' has to be crossed by a gangway or bridge, pro- 
vided with a lift-up swing bridge, as shown at right hand of 
drawing. The part to the left gives a good illustration of a gant- 
ing scaffolding, described in a preceding paragraph, and the upper 
part offers a neat example of a strong hand or side protecting 
rail, fitted for cases where there is horse and carriage as well as foot 
traffic. 

In fig. 2, Plate XIX., we give in Xos. 4 to 8 inclusive drawings 
to scale of foot-bridges. In Plates XXII., XXIII., and XXIT. 
we give sketches illustrative of Continental work in timber and 
stone, for which we are indebted to one of the best Continental 
authorities on building construction; and in other plates we give 
various parts of carpenter^s work in connection with house con- 
siruction, roofs, bay-windows, and the like. 

The preceding paragraphs have been all taken i|p in the illustrating 
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and description of the various departments of what is called practical 
carpentry — that is, embracing all the points connected with the actual 
construction of timber work (employing this term here as including 
not only the arrangements of timbers employed in the formation of 
what is called framed work— such as floors, partitions, roofs, bridges, 
and the like— but also the details of the parts of which they are 
composed), as illustrating the way in which those parts are joined 
together so as to constitute the general framing of which they are 
the individual members. 

With the exception of remarks here and there incidentally made — 
as, for example, on trussing, in the chapters treating upon roofs— 
we have not yet gone into the principles upon which framework is 
designed. It is to tliis department we now direct the attention of 
the reader. 

General Principles of Timber Framing Design. 

Where a post of timber or column of iron— as a, hTo. 1, fig. 1, 
Plate XXV.— is pressed upon by a weight h resting upon the top, 
the post or column is subjected to what is called a compressile 
strain; and its strength to resist this is called its resistance to 
compression. When a piece of timber or iron rod— a, Xo. 2— is 
pulled by two opposite forces in the direction of its length, as by 
the weights, as at c, acting on the chains passing over the pulleys 5, 
the part a is said to be subjected to a tensile strain ; and its strength 
to resist this is called its resistance to tension. When a beam a, 
resting at its extremities on two supports, 5, No. 3, fig. 1, Plate 
XXV,, IS pressed upon by a weight, as c, or the hanging weight c?, 
it is said to be subjected to a cross or transverse strain; and its 
strength to resist this is called its resistance to cross strains. 

The Neutral Axis of a Beam. 

When a beam is placed under the circumstances illustrated in 
Xo. 3, it has a tendency to bend in the centre, assuming the form 
of an inverted bow. This effect is known as the deflection of the 
beam, its capability to resist it being termed its resiliency or elas- 
ticity. The upper and, under sides of a beam are under different 
kinds of strain ; the upper side being subjected to compression, the 
under to tension. This is illustrated in Xo. 4, where a is part of 
a beam, with two saw-cuts made in the tipper and under sides. 
When the beam is supported at the ends the upper saw- cut closes, 
the strain of compression being towards h, as shown by the arrows, 
the lower saw-cut opening, the strain of tension being from c, as 
shown by the arrows. That part of the beam, the fibres of which 
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are not subjected to either tension or compression, is known as the 
neutral axis of the beam, and is nearly midway between the upper 
and lower sides, as at a. 

Strains to wMcb the Materials of a Roof Truss are Subjected. 

The strains above noticed are called into existence in the parts of 
a roof truss. Thus, in 'No. 5, the rafters a, a, are subjected to com- 
pression; the king post h to tension, as also the tie beam c. Tinder 
certain circumstances the tie beam c may be subjected to a cross 
strain; this is, however, avoided in a well-designed truss. ISTo. 6, 
fig. 1, Plate XXV., illustiates these pressuies more distinctly; 
for the rafters a, a, No. 5, may be dispensed with, and their place 
taken by a series of blocks, a, a, No, 6. These, being all pressed 
together in the direction of the arrows, are kept in position by 
pressure only, which would not be the case if the strain were other 
than that of compression. In like manner the solid beam c, Xo. 5, 
may be dispensed with, and its place taken by a chain, h, connected 
at its extremities to the two last of the series of the blocks a, a. 
Being subjected to tension, it is stretched the tighter as the pressure 
of the weight c on the blocks a, a, increases. The ofiice of the king 
post h in No. 5 may be performed also by a chain, as d in No. 6. 
The arrangement of parts in Xos. 5 and 6 constitutes what is called 
a truss, the strongest of all assemblages of beams, and the capability 
of which to resist pressure is limited only by the strength of the 
materials of which it is composed, and the nature of the joints and 
fastenings used to keep the parts together. 

General Principles of Framing. —Pressure of Inclined Beams. 

Inclined beams forming the distinguishing feature of the ‘Hruss,” 
it is of importance to know the methods by which the amount of 
pressure to which they are subjected is ascertained, and the direction 
m which a pressure is transmitted to a beam or an assemblage of 
beams. These methods will be explained in connection with° the 
remaining drawings in fig. 1, Plate XXV., and fig. 2, same 
Plate, yet to be described Let us imagine a ball, a, No. 7, fig. 1, 
Plate XXV., to be piopelled or pres.sed in the direction of either 
on the arrows 5 or c. If pressed singly in either direction the ball 
would travel towards & or c, but if equal forces were pressing simul- 
taneously on the ball a, in the direction of 6 and c, the ball would 
follow neither line of advance, but would take the direction of a 
diagonal a d. The two forces, 6 and c, being equal, the line a d would 
be the diagonal of a square, of which a e is the side. If, however, 
one force tending to send the ball a, No, 8, in the direction of 
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were equal to twice the amount of another pressure, repre.'ented by 
the arrow c, the ball would go off in the direction of the diagonal, 
a cZ, of a parallelogram, the length of which is a e and breadth af. 
This diagonal, a d, is called the resultant of the component forces, 
ac, ah. When we wish to find the pressure of any one force, as 
a dj 'No. ‘7, which shall be equal to the pressure of two, as a c, a b, 
the operation is said to be the '' composition ” of forces ; while the 
resolution of forces is the converse of this, and consists in ascer- 
taining two forces, ac,ab, which shall equal the pressure, of a single 
force, as a d. The application of the composition and resolution of 
forces to the combinations of carpentry we now purpose to illus- 
trate» The pressure which the beam a, No. 1, fig. 1, Plate XXV., 
sustains, is easily measuied by the weight 6, which rests upon it, 
but where two pieces, a, a, No. 6, inclined at equal angles, sustain 
the weight c, the angles being equal, the pressure sustained by each 
beam is equal ; though the amount of pressure transmitted by both 
is greater than the weight c, and this in proportion as the distance 
between the lower extremities of the beams on e e is increased. This 
is illustrated by No. 9. Let a 5, ac, be the two inclined beams, 
pressed at their apex, a, by a weight of say 14 cwt. ; drop a perpen- 
dicular, a d, and make its length, taken from any scale of equal parts, 
equal to 14. The^i, from the point d, draw de parallel to ah, and 
from same point d,df parallel to a c. Measure a f from the same 
shale as a d is taken from ; with the degree of inclination given to 
the beams in the figure, af will be found to be equal to 9, which is 
the amount of pressure sustained by the beam a h. The pressure on 
the beam a c is the same as this, their united pressure being 18 
instead of 14, which the weight would exercise on a vertical beam, 
as a, No. 1, fig. 1, Plate XXV. As the inclination of the two 
beams increases, the united pressure transmitted through them in- 
creases. This is illustrated in drawings Nos. 10 and 11. The pressure 
exerted on the apex of the two beams, ah, ac, being the same as in 
No. 9, the amount of pressure on the beam a h. No. 10, is -10: united 
pressure, 20. The pressure on the beam ah. No. 11, is 11 : united 
pressure, 22. Two pieces placed at different angles sustain difierent 
pressures. Let ah, a c. No. 12, be the two pieces inclined at different 
angles, and which we suppose to be pressed upon at their apex, a, 
by a weight say of 12 cwt. Drop the perpendicular ad, make it 
equal to 12, from the scale ; draw d e and d f, parallel to ah and a c ; 
the pressure on the piece a h will be found to be equal to 6|, and 
that on a c, 7^: together, 14 cwt. The pressure on the apex of the 
two beams ah, a c, No. 13, being 10 cwt., that on the beam ah will 
be found to be 5, that on a c, 7| : together, 12|. 
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These figures, No. 9 to 13 inclusive, fig. 1, Plate XX Y., are all 
illustrations of the resolution of forces — finding two forces which, 
acting in different directions, are equivalent to one. We now pro- 
pose to glance at the application of the “composition of forces^' — 
finding the amount and direction of one which will be equivalent to 
two forces. Let a, di’awing No. 14, fig. 1, Plate XX Y., be a beam 
pressed upon by a force equal to 6 tons, and h another pressed 
by a force of 9 tons : it is desmed to find the dnection of a beam 
which shall be opposed to resist these forces, and also to ascertain 
the amount of pressure which this third beam will sustain. Con- 
tinue the central lines or neutral axes of the beams to c and c^, make 
6 d equal to 9, and ec to 6 ; complete the parallelogram by making 
df parallel and equal to e c, and f cto d e. Draw the diagonal e /, 
which will give the direction in which the piece f must be placed 
to support the strain of a and h. By measuring the length of the 
diagonal ef from the scale from which edi^ taken, the amount of 
pressure which the piece /sustains will be found equal to 11. In 
(hawing No. 1, fig. 2, Plate XXY., the composition of forces is 
also illustrated, a being the direction of a third piece, to sustain the 
pressure of two inclined beams, 5, c, each exerting a pressure (/f 12 
tons, the distance, d e, giving the amount of pressure, 18 tons, which 
it sustains. The ten(iency of the pressure of the two beams, as a h, 
a c, No. 2, is to thrust the walls on which they may rest outwards, 
as shown by the arrows. The amount of pressure exerted on the 
walls in this way is ascertained as follows : Let a d, No. 4, be equal 
to the pressure on the apex, say 14 cw4. ; from d draw de,df, parallel 
to ah, ae; join e/; eg represents the pressure exerted on the wall 
c, tending to thrust it outwards ; ^/ is equal to d i. The pressure 
exerted on the ends of the tie beam a h, No. 3, fig. 2, Plate XXY., 
tending to pull it asunder, may be estimated as follows : From c drop 
a perpendicular, and make c d equal to the weight acting on the apex 
of the two beams ca, ch] complete the parallelogram. At right 
angles to cd draw from the point e the lino e and from /the line 
fg', measure fg or eh, and the distance 5 will represent the pressure 
exerted by the feet of the beams on the tie beam h a. In the case 
of two beams resting on walls, as in drawing No. 3 or No. 6, fig. 2, 
Plate XXY., each beam presses on the wall in the direction of its 
own length — that is, obliquely ; but this oblique thrust is resolvable 
into two parts, one horizontal, tending to push the wall outwards, 
the other perpendicular ; and the use of the tie beam, as 6 c, No. 6, 
is to sustain and counteract the outward part of the thrust, an(i 
leave only the vertical part to be sustained by the wall To estimate 
the horizontal and vertical pressures at the feet of inclined beams, 
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proceed thus : Let ah, No. 5, be the central line of combination, 
and a c one of the inclined beams ; continue the line ado d; from 
c and d draw lines de, ce, parallel to Jc and ha^ complete the 
parallelogram cedf. The distance e f taken from a scale will give 
the amount of pressure 5| in the horizontal direction c f the distance 
c e, from the same scale, the pressure 7 in the vertical direction c e. 
In No. 5, % 2, Plate XXY., the vertical pressure, c e, is equal 
to 5| ; the horizontal, c d, to 6^. Where inclined beams, as a a, 
drawing No. 6, fig. 1, Plate XXY., are loaded by a weight at 
their apex, as c, the pressure is transmitted in the direction of the 
length of the beam ; but, as in roofs, the covering — as slates, tiles, 
etc. — is distributed over the whole surface of the beam, the pressure 
at the foot is considerably out of this line. To ascertain the pressure 
under these circumstances proceed thus : Let ah, a o, No. 6, fig. 2, 
Plate XXY., be two inclined beams; and let d, d, be the points 
indicating the centres of gravity of the beams. Through d draw a 
Imefg, parallel to the line ae; from the point a draw a line g a, 
parallel to the line h c; join gh; gh shows the direction of the thrust 
on the wall 5. To ascertain the amount of the pressure from g, set 
off on the line g/a distance g h, equal to the weight of materials on 
the beam ah (say 10) ; from h, at right angles to gf, draw a line 
hi, cutting gh m i. The distance hi, 5|, is the amount of the 
outward thrust on the wall exerted by the beam a h. If the weight 
is 15, represented by the distance h I, the pressure on the beam ac 
is 7^. In No. 7, fig. 2, Plate XXY., this method of ascertaining 
the amount and direction of pressure on uniformly loaded beams is 
shown in connection with an assemblage where the beams ah, a c, 
are of ^ di%'ent inclinations. The weight of materials on the beam 
a h being represented by the distance de=^ 15, the lateral pressure 
of the beam a 5 is represented by the distance (i/ == 8| ; the weight 
on « c being ^ A = 15, the pressure is == 6. When two beams, 
a, h. No. 8, fig. 2, Plate XXY., projecting from wall, are sub- 
jected to strain by a weighf acting in the direction c d, the amount 
of pressure sustained by each piece is ascertained thus : Let c be 
the amount of v eight, say 12 tons: continue the axis of the piece 
ac to 6 ", from d, parallel to a c, draw a line d c, and another parallel 
to c 5 to e. The istance c e will be the measure of the pressure on 
the part a, tending to pull it out of the wall — a tensile strain ; the 

distance c h, that on the beam h, tending to push it into the wall 

a compressile strain ; with the particular inclinations given in the 
figure, c e will be found to be 15^, and c h 14|. Drawings No. 9 
and 10, fig. 2, Plate XXY., are examples, showing different 
arrangements. The pupil should measure the distances ah, and 
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from same scale ascertain the pressures a c, ad. In Ko. 11, the beot 
position of the strut a, to support the beam h, acted upon by a 
weight in the direction of c, is in the direction of the diagonal a d. 
This is ascertained by completing the square, of which od is the side. 
To resist tensile strains, wrought iron is a better material than wood 
or cast iron ; while wood and cast iron are better calculated to resist 
compression, for which indeed wrought iron is unfitted. To know, 
then, where to use a material best fitted for the strain to which it 
is subjected, it is necessary to ascertain whether the part into which 
it is to be made is subjected to a ^^compressile” or a tensile” strain. 
Parts subjected to the former are generally in technical language 
called struts ’’ or braces ” ; those to a tensile strain, ties.” To 
ascertain, then, whether a part acts as a strut or tie, take the follow- 
ing rule, given in the article Carpentry,” Enoyclo, Britannica, 
Construct the parallelogram of forces according to the pressure exerted 
by the weight, as a 5, c d, 'No. 12 ; then, if one side of the parallelo- 
gram, as d Cj parallel to one of the pieces, as a, cuts a line produced 
from the other piece 5, that other piece acts as a tie ; if the line, as 
d a, parallel to one piece 5, cuts the other piece a h, the piece a h 
acts as a strut. Thus, where the line cuts the piece itself, that piece 
acts as a strut ; if it only cuts a line produced from the piece, that 
piece acts as a tie. Another method is to ascertain the direction in 
which the weight would naturally fall, as h in the direction of 5 d. 
Through the point 5, parallel to a c, draw a line e f : the piece above 
the line e/acts as a tie, the piece below it as a strut. !No. 13 shows 
another combination of beams, and how the piece h g acts as a tie 
and the piece 5 a as a strut. 

Some of our young readers may have an idea that in the matter 
of beams, if the dimensions be considered sufficient — either as shown 
by experience or more accurately by calculation — to resist certain 
strains and pressures, it matters little how they are employed : — ^that 
is, supposing a beam to be per se (by itself ) strong enough, it will 
make no practical difference whether its position be such that it lies 
or rests upon its fiat side or upon its edge. It should here be noted 
that, with the exception of posts or columns of timber, all beams 
properly so called are cut out of the log, or so formed or made of a 
single branch or bole of a tree that their depth, as c in drawing 
No. 3, Plate XXYI., is greater than their breadth, c h. This gives 
them the form of a rectangle or parallelogram, as seen in their end 
view or at any line of cross-section. This very form or “ section ” 
— ^to use the technical phrase — is that which arises from the fact that 
it is not a matter of indifference how a beam is laid to resist strains 
or pressure ; on the contrary, that it is the fact that a beam laid 
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on the flat is much less capable of resisting the strains of cross or 
transverse pressure than when laid on the edge. And the reason 
why posts or columns of timber are made square is not that they 
look better — although this point is not without its due weiglit — but 
because they have to resist the strain of compression only. Let us 
look further into this matter; and in doing so we shall extend our 
remarks to the case of iron beams as introductory to what is given 
on the construction of roofs, etc., of iron. And first as to square 
and rectangular beams. The transverse strength of a rectangular 
beam — as a, No. 2, Plate XXVI. — ^is as the square of the depth 
multiplied by the breadth and divided by the length. The strength 
of beams thus increases only in the simple ratio of the thickness, but 
as the square of the depth. Thus, the beam No. 3, is much 
stronger than the beam a, No. 2, although the dimensions are equal 
in both cases. The increase of strength obtained by placing rect- 
angular beams on their edge instead of on the flat — or in other 
words increasing their depth in a much greater proportion than 
their thickness — may be seen from the following : Let the breadth 
h c, No. 2, be equal to 12 inches, and the depth cd to 6 ; the diKStance 
between the supports 8 feet: the strength of the beam would be 
represented by 54, this being obtained by squaring the depth, multi- 
plying it by the breadth and dividing it by the span. But by laying 
the beam on its edge, as represented in No. 3, its strength will be 
represented by 108. In No. 1 5 is part side elevation of a, No. 4 
being part side elevation of the beam a, No. 3. 

Where a beam a b supported at both ends is loaded in the centre, 
as by the weight c. No, 5, Plate XXYI., it will only bear half the 
weight which it would do if this were distributed over the entire 
the weight which it would do if this were diKstributed over the entire 
surface of the beam, as illustrated by the diagiam in No. 6. The 
pressure exercised upon a beam by weights resting on it, being 
different at different points (the pressure, for example, exercised by 
the weight a, No 7, is less than that exercised by 5, and by c greater 
than by a), it follows that where the material admits of it, a beam 
may be made of the form represented in No. 8, the under side being 
a parabolic curve without its strength being diminished. The depth 
diminishes towards the ends just as the liability to fracture diminishes, 
and thus there is no waste of material. For the convenience of 
firmly fixing the beam, the ends do not come to a point, as at fig. 8, 
but are finished as at a a in No 9. A beam projecting from a wall, 
and loaded at the end as at No. 10, will carry half as much only as 
the beam in No. 11, where the weights are distributed uniformly 
over the surface. Compared with the beam as in No. 5, that in 
No. 10 would only carry one-fourth the weight. The beam a, with 
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the load at the end, as in No. 12, Plate XXYI., is as strong as 
that in No. 10, so that one- third of the material may be saved by 
adopting the form in No. 12, without any diminution of strength. 
When the beam is uniformly loaded, as in drawing No. 15, Plate 
XXYI., one-half of the material may be saved, and as strong a 
beam obtained, as in No. 10, by making it triangular. The drawing 
in No. 13 shows the parabolic beam uniformly loaded, and hg 14 
the triangular beam loaded at one end. The drawing in No. 16, 
fig. 3, shows Tredgold^s “I”-shaped cast-iron beam, fig. 17 being a 
side elevation ; No. 18, the “ Hodgkinson beam, the strongest and 
best form. The ratio of the strength of the beam in No. 18, as 
compared with that in No.* 16, is as 4075 to 2368. Por a beam of 
section as in No. 18, the best proportions are when the bottom flange 
contains six times the area of the top one and two-thirds of the 
entire area. The drawing in No. 19, fig. 3, Plate XXYI., is a 
part side -elevation of No. 18. If a beam of cast iron, of section as 
in drawing No. 18, is placed with the broad flange uppermost, as in 
No. 20, its strength is so much reduced that it will only support 
about one-third of the amount which it would bear if placed as in 
the drawing in No. 18. 

The drawing in No. 21, Plate XXYI., illustrates in side ele- 
vation a beam made of cast iron of the section shown in No. 18 
drawing. In No. 21, a a represents the part a in No. 18, which is 
called the web or central plate, h h the upper flange, and cg the 
lower flange, corresponding to parts similarly lettered in No. 18. 
In No. 22 we give the plan — with scale to which it is drawn under 
it — of top of the cast-iron beam as looked down vertically upon. 
The letters m No. 22 indicate corresponding parts in Nos. 21 and 
18. The dotted lines show how the upper edge and flange is curved, 
an arrangement sometimes adopted to save metal or to make the 
outline of the beam more pleasing to the eye than if quite straight 
along, as in No. 21. Wrought-iron beams for small spans and light 
work are of sections in varying forms, but of which the section in 
No. 23 is a representative form. When wrought-iron beams are 
used for large spans and to bear heavy weights, they are what are 
technically called built beams.” That is, in place of being rolled 
solid, as in drawing No. 23, they are made up of several pieces, as 
in No. 24 — cross section, and in No. 25, which is part side-elevation. 
The main part of the built beam ” consists of a large and broad 
plate of thickish wrought iron, dimensions of which are all found 
by calculation. This is shown in its normal or vertical position at 
a a, Nos. 24 and 25. Along the lower or bottom edge of this central 
plate, which is technically called the “ web,” two angle irons,” as 



158 


(THE ©AKEEHTEB AND HIS TECHNICAL ‘WORK® 


5, 5, are riveted, as shown in the drawings, and the same is done 
at the top. Where wroiight-iron beams are used for wide spans, 
and to resist great strains or support great weights, a form known 
as the box beam is sometimes used. This is illustrated in the 
drawing No. 26 in Plate XXYI, and is made up of two vertical 
side plates, a placed vertically, and kept some distance apart by 
the top plate h and the bottom plate c, on which latter the beam 
rests, as its base or foundation. The whole are secured and kept in 
place by the angle irons, as shown. This beam, introduced by the 
celebrated engineer Sir William Fairbairn—and deduced by him 
from elaborate investigations and experiments made in conjunction 
with the well-known scientist Mr. Eaton Hodgkinson — is very strong, 
but it possesses this great disadvantage: that from the general 
inaccessibility of its interior parts, those are apt to be left to the 
ravages of rust, which cannot thus be combated in the usual way. 
The form of beam in drawings Nos. 24 and 25 does not present the 
same practical difficulty, as all its surfaces, being exposed, can be 
painted or otherwise treated in order to prevent the action of rust, 
to which wi’ought iron is much more liable than cast iron. But in 
this form the built beam is applicable to but limited spans, and 
cases where comparatively small weights are to be supported or 
carried. Where very strong beams are required, such as would 
otherwise be obtained by adopting the box beam in No. 26, the 
disadvantages of this are met by having the beam arranged in the 
form known as the lattice girder.” In this the web, as aoj in 
Nos. 24 and 25, is not made up of a solid or continuous plate, but 
of narrow wrought-iron bars, crossed so as to form a species of 
network or lattice-work— hence the name. 

Timber or Wood the Material used by the Carpenter, Joiner, and 
Cabinet Maker. 

^ Of all the materials with which natuie has so abundantly supplied 
him, used by man for the varied purposes of his life, timber, or, to 
employ the more generally used term, wood, has played a most 
important part. In the early stages of his civilisation, when the 
tools and appliances at his command were few in number and 
simple, and of necessity inefficient in working character, the com- 
parative ease with which it could be worked into the simple forms 
which he would then require to satisfy his equally simple wants 
would make wood or timber the most valuable material for the 
purposes of construction. Nor less would this be the case from the 
abundant supplies of it with which from the earhest times he would 
on every hand be provided. For there is every reason to suppose 
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that in those early times, and coming down indeed to periods closely 
approaching our own — for, in the history of peoples generations, 
nay, even centuries, are but as days to the individual — the greater 
portion of the surface of the earth in those countries in which 
man found his abode was covered with forests more or less dense. 
And it would be to the woods and forests that men would at first 
naturally resort at once for protection from their marauding 
enemies, for shelter from the inclemencies of the weather, whether 
that was the burning heat of the sun or the colds of blustering 
winds and rain, and for the abundance of food products with which 
the forests abounded. 

Under the shade and shelter of the trees of the fore^, or that less 
dense and tangled of the lesser woods and plantations, the demand 
for special structures carefully constructed to resist winds, to repel 
rain, and to keep out cold, would naturally be less than in the 
exposed localities of the open plains or prairies. The further that 
man penetrated into the dense forest regions the more secure would 
be his shelter, and the more easily would he obtain that further and 
higher degree of it which the mere contiguity of huge trunks and 
wide-spreading branches and dense foliage would give him. A few 
branches broken off from the parent tree, and forced or pressed into 
the yielding soil, soft with the accumulated decay of vegetable matter 
of years, would give him all the shelter which his more or less 
savage condition would demand or could indeed supply. But as 
civilisation progressed and as population increased, and the stern 
necessities ot mei:e existence demanded large and still larger suppKes 
of food of a kind more to be relied upon than the scanty and 
precarious and at best simple and nutritious chance products of the 
woods, man would leave the forests and take to the plains and open 
glades, there to cultivate the soil and raise such food products as 
best he could at first. And for the obvious purposes of defence against 
enemies in those earlier times of the world's history, ever ready to 
descend upon communities, generally for purposes of plunder, but 
often from a mere wanton love of destruction, the cultivated grounds 
would be vuthin the near vicinity of the forests. But as the popu- 
lation still further increased and civilisation progressed, the open 
ground would be extended, its boundaries would advance, and in 
proportion those of the woods and forests would recede. There would 
thus in process of time be an antagonism, so to call it, created as 
between the open and cultivated or cultivable spaces, and the forests 
by which they would be more or less closely surrounded. The effect 
of this in its later and ultimate stages on what is now known as 
the supply of timber will be hereafter more fully referred to. 
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But with the open spaces, the widespread plains, or ilio oxposoil 
hill sides, which man in his advanced condition of life would ho 
compelled to occupy as his living places,’' would come of necossit^y 
demands fqr structures affording special slioltor from irho soasous 
and means of defence from foes. With tools and appUamiuss long 
of the simplest and least elHcient character, incapable of dealing witli 
hard and obdurate materials in order to give tiioin such sha])0 and 
form as his daily requirements demanded, wood, being the “ friu^st 
to work,” would be the material most in favour witli tlio earliest 
constructors, alike for the larger parts of houses, as for the hvss 
bulky fittings of the interior. And as his knowlodg(^ increawHl, 
and with it his tools and appliances, ho would be aJ)le to (U‘Oct the 
still larger and more durable structures, and to construct still nmro 
costly and complicated fittings, which the necessities of a iiiglun- 
civilisation would demand. 

Timber or wood thus became one of the most iraporbaait maiiuiuls 
used for all the wide varieties of structures required by nuui alike 
for the purposes of the arts of peace or of war. And this position 
it maintained for a long course of years But this supremacy, a.s a 
material lending itself in the readiest and most facile^ of ways t,o 
all the purposes of construction, has of late been threa, toned, and imletMl 
to a large extent practically invaded, by tlio extended use of iron (see 
the companion volume in this series containing ‘‘ 'j’ho Iron a,nd Sioid 
Maker ) ; and this is likely to be still more markinl by i»h(^ uua'tnstal 
constructive facilities offeied by the modern forms of sioed. Yt>t, 
notwithstanding this threatening of the supremacy wliich timber has 
so long enjoyed as a facile material for construction, it seonis as if 
in its case another exemplification of the truth of the old proverb is 
to be afforded, that a “threatened man lives long.” For, to Imlm 
from what is going on around us, there seems to be no less a <l(^maml 
now for the various products m which the tim])or imuThaut deals 
than existed years ago, when iron, either in its form of cast or 
wrought, was rarely used for large constructions, and sii'ol m ihci 
modern form, in which alone it could bo available for tlie like was 
altogether unknown. And in this connection the following e,uvhxm 
circumstance is worthy of special note here, as bewaring most (dosed y 
on the present position of the timber trade, if not upon its ftiitire 
condition. For, largely increased as has been ilu) omployimait of 
iron in its higher and more valuable form known as wrcnigbt 
malleable, ^d of steel in its modern form known by the name of 

mild (“ Bessemer ” or “ Siemens ” steel) in the vaaiod work of the 
civil engineer and the architect — as, for example, in bridge building 
and m the construction of large roofs— the engineer and the architect 



THE CABPENTBB AND HIS TECHNICAL WOEIv. 


161 


would make but little progress in those metallic structures unless 
the timber dealer and the carpenter came to his aid. Those of our 
readers who have examined the progress of such large works must 
have noticed the extensive way in which timber is employed by 
way of scaffolding, without which the iron or steel bridge, viaduct, or 
roof of wide span could not be erected. The metal, under the new 
regime of construction, may have thus far taken the place of tlie 
timber, which m former days was the material alone used for the 
permanent structure — the bridge, the viaduct, or the wide-spanned 
roof ; but without the timber, as an essentially necessary help or 
adjunct, the metal would bo of little avail. There is that ready 
adaptability to almost any — we might safely say to every — kind of 
construction, that facility for working it to which we have already 
alluded, in timber or wood, that there seems but little chance of its 
being superseded by either iron or steel. Certain it is that the civil 
engineer or the architect has not, as yet at all events, fallen back 
upon iron or steel for the construction of those ad3uncts, scaffolding 
and the hko, by which his lai‘gor and permanent structures made of 
those metals can be raised. 

But the extensive and every - day - becoming - still >• more - rapidly- 
extended use which iron and steel has met and meets with, for the 
larger structures of the civil engineer and the architect, and which 
in so far lessens the demand tor timber, has in no degree been 
touched in connection with the wide field occupied by domestic 
houses, and that field nearly as wide and varied in its characteristics 
taken up by the structures required for our industrial works — our 
factories, mills, and workshops. Although iron, in the larger 
examples of the last-named varieties of constructions, is used to a 
comparatively large extent in the form of beams to span wide 
distances, or carry great weights, wood or timber is the material 
universally and exclusively used. In floors, partitions, and roofs, 
timber in large bulk is required daily ; and for the interior fittings — 
as doors, windows, and the like — it is impossible, under our present 
exigencies of construction, to dispense with it. To its various uses in 
a large or bulky way, here named, it is scarcely necessary to add 
that of the shipbuilder. And although here also, as m the work of 
the engineer, iron and steel are fast and to a large extent superseding 
timber, it will be years before, if ever, timber gives way wholly to 
metal in the construction of the ordinary ships of commerce or the 
boats of the fisherman. 

Nor does the demand for a regular and a large supply of timber 
stop here. For we have still to take note of the extensive field for 
its use in the thousand-and-one forms and fittings which our modern 

11 
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civilisation demands. Nor is this demand likoly to be a'odncecL On 
the contrary, we may say with safety that as yet we have only 
touched the outer fringe, so to call it, of the supply of tinilier. 
Hitherto but a few varieties of woods ” have been used for interior 
fittings of our houses, and of the various forms re(jnirod by difibront 
trades and callings We are only beginning to discover the wido 
varieties which tlie forests of tropical and colonial countries afiord— 
varieties which ofier characteristics of the true value of which wo 
have as yet hut comparatively little knowledge. 

The field, then, for the employment of timber — although, as wo 
have seen, to a considerable extent narrowed by the incrciised use of 
iron and steel for a certain, although but a limited, class of structures 

remains practically as wide as ever. Taking, indeed, into considera- 
tion the marvellous development of our industrial processes and 
operations, and the wide variety of appliances which those processes 
and operations demand, and for which wood in one or other of its 
varieties is alone used, we may say that the field for the employment 
of timber is practically wider than ever it has before been. 

Importance of a Knowledge of Timber to the Carpenter, Joiner, and 
Cabinet Maker. 

The general subject, then, is one of great importance; and in 
considering those points it will he found that much information of a 
more than usually practically interesting character will bo convoyed. 
We conceive it to be of the first importance that those engaged in 
the disposal, the use, and the treatment of any material used m the 
industrial arts should have as wide and as deep an acquaintance with 
all the characteristics of that material and of all points connected 
with it as can possibly be acquired. Of what a man deals with in 
his daily work, it is in brief impossible that he can know too much. 
What can be known it is his duty to know. And this holds as 
true of the timber dealer, who sells, as of the carpenter, the joiner, 
and the cabinet maker, who use the wide varieties of timber and of 
woods required in their daily work. But there is a difference between 
what a man knows in connection with his calling, and what can or 
could be known. He may know all that which is within his roach, 
but there may be much that— anxious as he may bo to know it— does 
not lie within the range of that reach. This is perhaps specially true 
of the subject of a material of timber or wood. Other departments 
of constructive or technical knowledge have for one reason or another 
been again and again treated of in papers, in periodicals, or in special 
volumes ; but timber has been to a very large— indeed, to a special — 
extent quite an exception to this. Much of what has been made 
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known as tlio result of observation, research, or experiment in con- 
nection with tnnbor and woods, has been, as a rule, published in 
journals or papei'S which, strictly scientific or special, ai‘o not in any 
sense popular, coi tainJy not easily within the reach of the general 
public interested practically in the subject Again, it is perhaps the 
actual fact — at all events it is not far wide of this — that the best 
papers written on the subject embodying information of the most 
practical character have bocm issued' in foreign journals or published 
in foreign languages. Taken altogether, liowevcr, it may be said 
that the widespread character of the information — no Ic'ss than the 
peculiar form in which it has boon made public — ^][)lacos it in that 
position which makes it a difficult matter even for those possessed 
of facilities or of money to obtain it. Much more will this be the 
truth in the case of a vast number of those engnged in the daily 
work of our industiial calling. 

It is our purpose, then, to place within the limits of the present 
senes of pa-ragraphs as wide a variety of information on the subject 
of timber and woods as our all too narrow limits will admit of. Wo 
use the term timber and woods here for a specific purpose. Popu- 
larly they are considered to be synonymous, or to bo convertible terms. 
Strictly s] leaking, this is cori’ocb ; for a piece of timber is a piece of 
wood, and the converse of this is equally true. Practically, how- 
ever, the term timber ” is applied to pieces of large bulk, such as 
are employed by the carpenter,’' for example; the term ^‘wood” 
or woods to the smaller pieces used by the joiner and the cabinet 
maker. 


Classes of Timber — Technical Names of Cut Timher. 

The term timber is applied to all forest trees, once they are cut 
down. Tlie trees which yield the timber used for constructive 
purposes are designated as timber or forest trees, to distinguish them 
from fruit trees.” Put from this it must not by the young student 
be concluded that trees which bear fruit are not used to give supplies 
of wood. It is true that they are rarely used for the constructive 
purposes of ilio carpenter or the joiner — that is, they do not come 
within the class known as timber ” for heavy work. Put as giving 
supplies of wood ” for tiie purposes of the cabinet maker they are 
of high value. Thus walnut-wood takes, as most readers know, a 
high position in the woods used by the cabinet maker. Apple and 
pear and cherry trees are also availed of for wood for various classes 
of work, although those named are perhaps more frequently used on 
the Continent than in this country. The timber obtained from forest 
trees, which are, as we have seen, the timber ” trees proper, and 
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sold for trade purposes, is classed into two divisions —iirsi cut or 
squared timber, wMcli is that usually sent from the couutri(?H abroad, 
such as America, from which our larpft^st su[)pl{es of timber an^ 
obtained. This is known as “laigo tinilior,’' a,nd is cut Mjuaa-c^ in 
section, the side of the square Inniig giuKM’ally oioiiit'cu uiclu's in 
length. Pieces which take tlio name of “lialks’’ or “baulks” ~ 
generally the lirst of those two ixud-hods of spidbng tla^ tiami is usihI; 
a very popular name for tins largo limber is “ log ” a, re the ]a.rg(*st 
pieces which can be cut of trees tlio longili of vbirh avan-agi's sixty 
feet. The section of balks or logs is square, the hmglh of side \'ary- 
ing from nine up to thirteen inches, the hirgest section b(‘ing the 
most usually met with. “ Largo timlior,” the s(3ction of which we 
have seen to be also square, but with a nuicli hirger side, rcpr(»h(uiting 
eighteen inches, is also generally designated a,H balks or logs. Whtm 
forest or timber trees are cut up in this country-such as oak, hr, 
larch, etc. — their sale constitutes the business of a special trade- »4Uat 
of “round timber,’' sometimes dosignaiod also as “ lionu^ timber,” to 
distinguish it from foreign. In this the trees are not a-t hrst cut up 
square, but are sold in their natural form — namely, the round trunks 
or boles of the tree, the small branches being cut oh’; tlioso being used 
for various purposes, according to size— tlie smallest for making 
charcoal, or sold to glass-blowers or manufacturing chemists for firing 
certain kinds of furnaces. Hound timber, 'when the troiis are of 
small or comparatively small timber, is used for a wi<lc variety 
of purposes— as for “props” in coal pits, to jmop up or support the 
roofs of the galleries and cuttings. Large-sized trees, such as oak, 
though sold m the “round,” are cut up either as square or into 
planks, etc. 

When timber is cut up for the purposes of the “ joiner ” it is known 
generally by the name of “deal,” and is talked of as “ wood ”— the 
term “ timber ” being employed to designate largo pieces. J^b^ the 
carpenter square timber or logs or balks are cut up generally into 
two, thus giving two “beams” of which the depth is greater than 
the width or thickness. 

Tecknical Names of Cat Timber. 

Deals are usually classified as of two kinds— “wliito deal” and 
“yeUow deal.” White deals are those without “resin,” and thoreforo 
display no “ humour,” as the streaky veins which are met with in 
resinous timber are called; the surface of white deals is therefore of 
a umform dead colour. White deals, having no rosin in them, are 
easily worked or tooled by the joiner, planed, tonguod or grooved, 
etc. They are generally used for inside finishing of houses, although 
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of late years yellow and red pine deals,” wLiclx still retain their 
resin, and in consequence have what is called grain” or “ hiiiaonr,” 
and when wrought and simply varnished give a pleasing chai acteristic 
to the doors, skirting boards, etc., which are made from them, have 
been much used for interior work. Yellow deals are more costly 
than white, and are much stronger, and in virtue of the resin which 
they contain last longer, and are therefoie generally used for work 
exposed to the weather. Beals are usually described, according to 
the place they come from, as “ Dantzic,” Memel,” Eiga,” or 

Christiania,” the countries in the north of Europe being our chief 
sources of supply. These timbers are generally classed as Baltic ” ; 
but there is a diiference between those we last named worth noticing : 
thus, ^‘Biga” timber is of a better quality than Memel,” and is 
therefore better adapted for work exposed to the weather, ‘‘Memel” 
being best for internal work. “Bantzic” is very fieo from knots, 
and works freely. “ Christiania ” is well fitted for roof covering. 
“Bram” or “Biontheim” is a timber of inferior quality which 
comes from USToi'way. 

American deals are usually known as*“Ameidcan pine.” “Spruce 
deals” are obtained from the white fir of Norway; they have no 
resin. “ Slab deals ” are deals cut from the outside of balks or logs, 
and are of poor and varying quality and thickness. Beals are again 
distinguished by their width, thus giving them their distinctive 
names. Beals from eleven to twelve inches are termed “planks,” 
although the term has sometimes a wider signification, being applied 
to all kinds of timber excepting fir, varying from 4| in. to 4 in. 
thick. The deal proper is 9 in. wide, and “ battens” are deals from 
2 to 7 in., usually 6 in., in breadth. They are frequently cut from 
deals, a deal being cut in two, giving thus a breadth of 4|- in. to the 
batten. Beals are usually 3 m. in thickness, battens from in. to 
2 in. The term “ stufi*” is in frequent use, and is meant to signify 
all pieces of work used in joinery, as distinguished from the larger 
pieces used m carpentry. The term “ board ” is of a wide significa- 
tion, like that of “ stiilf,” as it embraces all flat pieces oi wood, 
although moio specifically it applies to stufi* over 4^ in. in width, 
and under 2i in. in thickness. When boards are thicker at one 
edge than another, they are termed “ feathor-odged” boards, and are 
sometimes known as “clap-boards.” Being used for the outside cover- 
ing of sheds, where they overlap one another to bo weather-tight, 
from this they are also sometimes named “ weather-boards.” Beals 
proper are cut into boards of varying thicknesses, and according to 
the number of boards cut from the deal they are known as “ three- 
cut stufi*,” etc. Elooiing-boards are usually 1| in. thick, two being 
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cut from a deal 2| in. tliick, this being the thickness of a largo 
proportion of the deals imported. Where a 3-in.-thick deal is split 
into t-wo boards, 1| m. thick, a J-inch-thick board is also obtainod, 
which is technically known as an “off-cut.” When a l.J-iu. board is 
cut in two the two boards obtained are known as “ slit ” deals. 

Ciiaracteristics of Forest or Timber Trees. 

All forest or timber trees dilTer in appearance ono from tbo other 
by an aspect peculiar to each of tlioir kinds. Tlie form of tlioir 
trunk is generally conical — that is to say, of a diameter a little 
greater near the root than towards the top. The summits or tops of 
these trees are formed of the prolongation of the trunk divided into 
several principal branches; each of these branches is divided also 
into secondary branches, and the latter throw out boughs or little 
branches, to which the scattered leaves are aitaclied by stems or 
petioles more or less delicate. At the first glance one might holiove 
that the scattered leaves appear by chance; but a n^gular and 
constant order in each kind presides over i/luur distribution, In 
cutting a tree perpendiculaily to the length of its triinlc, wo see that 
it is composed of three parts easy to be distinguished : the bark 
which envelops it, the sap which occupies the centre, and the ligneous 
substance which is found circulating between the two first. 

Structure and Physical Characteristics of Forest or Timber Trees. 

Before entering upon the consideration of the general characteristics 
of timber as a constructive material, it may be well to examine briefly 
the tree itself before it is reduced to the state of timber. The tmnk 
of the tree is composed of bark or exteiior skin, the sap-v^oocl 
immediately beneath the bark, and the heart of the trunk or interior 
hard wood, which possesses the greatest solidity of the three parts. 
It is this last portion that we use for building purposes ; the sap-wood 
contains too much sappy organic matter to possess strength enough 
for use in construction; while the bark is without strength and 
solidity. The substance itself of a tree is composed of a “ vascular '' 
structure, which is common to all t]ie plants used in building ; the 
entire plant is made of a multitude of microscopic colls, and a 
knowledge of these cells, their dispo,sition in the wood, and their 
compactness, etc., give the timber worker a clue to the general 
properties of the timber. Among vascular plants some are known 
as exogenous, or those whose growth proceeds outwards (generally 
in rings which occur yearly, and thus by counting the rings in 
most trees their age can be calculated) ; and the others are called 
“ endogenous,’’ as their mode of growth is the opposite to the last 
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class — taking place from within, the outer part Ibcing tlio oldest in 
the trunk. Eig. 92 is a rough sketch of a cross section of the first 
class, and hg. 9i a ci'oss soctjon of the second class, of vascular* pLinis. 
All timber trees used in this country belong to tiro exogenous class. 
As the growth in such trees takes place in the centre, and proceeds 
from a multitude of cells tliere situated, these latter, when tliey have 
performed their ofEco — have lived their life — dry up and form a 
soft substance in the centre, called the pith. The cnlls are of very 
different shapes, sizes, and properties in diifcrent trees; and, indeoil, 
the ultimate properties of any tree depend almost wholly upon tlioso 
of the individual cells of which the tree is composed. Wlion those 
cells are united together, and lie close to each other, Lho nuisa is 
called cellular tissue ; while if the juice contained in those colls or 
sacs becomes dried up and loaves empty cells instead of filled colls, 
the mass is known as vascular tissue. The woody pjirt of a tree is 
composed of vascular tissue. Immediately around tlio pith of the 



trunk lies the “ medullary sheath,” composed of vascular tissue, of 
.which the vessels (or empty cells) have spiral walls, the fibres 
of which can bo unrolled. The “ woody tissue'’ is next this modiillaiy 
sheath. The wood nearest tlio pith is the hardest, and called the 
“heart- wood” ; that nearest the bark is the most tender, and termed 
the “ alburnum.” The latter, again, is surrounded by a layer termed 
the “cambium,” or more commonly the sap of the tree. All these 
layers are pierced by a series of plates reaching finrn th(‘. centre to 
the circumference, called the “ medullary rays,” and form the well- 
known siloer grain or veins or humoui* of the tree. 

The heart-wood is the most valuable part of the trunk, a.nd the 
greater the proportion of this the more suited is tlie tree for industrial 
purposes. Bilferont trees exhibit dilferont proportions of sap-wood 
and heart-wood. The increase of the zones of an exogenous tree 
does not take place uniformly each year, climate and season having 
a great influence upon the growth. Moreover, there is fre(|nently 
seen an inogularity in the gi-owth, one side of a zone or ring being 
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tHcker tkan another. These rings are not always wolhdefined, as 
seen in a section of the tiamk ; so that it is frequently (especially in 
the case of an old tree) a matter of uncertainty to detorinino the age 
of a tree by counting the yearly rings of growth. 

For general purposes, and where groat compression is to bo re- 
sisted, the greater the proportion of hard to tlie soft portion of the 
wood the more valuable is the timber ; for cutting up into planks, 
however, wood having a moderate development of hard part is most 
useful, as not being liable to cracks and warping. 

From the word liler is derived the French word livre (a book), 
because the ancients wrote upon the leaves of which tliis is com- 
posed. It has been proved that there forms between the liber and 
the sap-wood another layer, which is the continuation of both ; 
the material of this generating layer has received tlio name of 
cmibium. It is developed in spring and autumn Its inner part 
changes insensibly into sap wood, and the other changes into liber. 
The liber never becomes wood; it is continually diivon liack by this 
mode of growth of the tree, and forms the ba,rk, which tears and 
exfoliates externally, because it dries up, and the ]ea,vcH of the liber 
cannot, in growing old, extend in proportion to the increase of the 
circumference of the tree. In proportion as new layers of sap-wood 
are produced, they form new coverings, the traces of which wo 
observe on the transverse cutting of the trees These layers are 
numerous in proportion to the age of the trees. Many authors 
maintain that it is a mistake to believe that the number of years 
of a tree may be counted by its ligneous layers. Kovorthelcss, the 
opinion most generally admitted, and which appears to be founded 
on recent observations, is that the number of concentric ligneous 
layers marks that of the years of the trees. Wo may remark that, 
although each year sees the formation of a ligneous layer of sap- 
wood, and a layer of sap-wood transformed into perfect wood it 
requires, nevertheless, several years for the transformation to 'be 
accomplished, since the sap-wood always consists of several yearly 
layers. We can scarcely calculate the life of a tree. Wo believe 
that the oak may live more than three hundred years. The ancient 
forests furnish proofs of this, if we refer to the number of ligneous 
layers which we count in their enormous trunks. In oak wood the 
annual layers are from three to four millimetres in thickness ; each 
layer is formed of a hard and solid ligneous substance in the perfect 
wood; another substance distributed among these layers and joiniin^ 
them is spongy, and forms a sort of network, which is only one 
millimetre thick. The more of these layers the trees contain, the 
older they are; and the more of them found in the same diameter, 
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ilio Larder and licavKir js tlieir wood. Wo romaik that in extremely 
hard woods, as in very soft woods, tho circles of yearly layers are 
scarcely visible. We do not see them in ebony and in soim^ island 
woods, nor in the poplar <and some other white woods of onr climates. 

Influence of the Soil upon the Physical Characteristics of Trees. 

Tho thickness and good growth of trees are not always in tho 
same species infallible signs of the good quality of their wood, llio 
connection of ago with tho size of a tree, the nature and tho situation 
of the soil in w]ii(‘li xt has grown, should also bo examined, to judge 
of the quality of the woods which cultivation would furnish, in 
general, marshy soils only hoar trees tho wood of which is liglit and 
spongy in conqiarison with that of trees of the same kind grown in 
good high lands. Tho water, too abundant in the low and clayey 
soils, whoi'e the roots are nearly always under water, does not give 
to the sap tho qualitu^s necessary to constitute good wood. Idle 
trees grown in soils of tliis kind, which ai'e not suitable for their 
species, ai‘e useless for carpentry work. Oak wood, for example, 
grown in damp soil is more suitahlo for joiner work than for car- 
pentry, because it has loss strength and stiffness, is softer and easier 
to work than oak wood grown on a dry and liigh soil; it is less 
liable to split and crack when it is used only for objects of sniall size. 

Damp or moist or watery soils are only suitable for alller trees, 
poplars, and willows. Some other kinds thrive in cold or simply 
damp soil; but the species of oak, elm, and chestnut thrive only 
in dry soils composed of good earth, retaining after rain only the 
necessary amount of moisture without stagnation to support good 
vegetation. It is the same with resinous trees, wdnch do not always 
thrive in tho soils suitable for the other kinds, and, above all, in 
marshy soils. In general, sandy soils suit thorn host, and soiae kinds 
do particularly well in the neighbourhood of the sea; such is the 
maritime pine, as valuable for its resinous products as for the quality 
of its wood. Lastly, in pooi and stony ground, which o})posGS the 
easy progress of tho roots, and cannot furnish them with tluj nourish- 
ment suitable for tbeir species, the trees attain only a slight gi owth ; 
they shoot up slowly and only produce rough wood, often knotty and 
stunted and difficult to work. They can only servo for coarso work 
unless they are suitable, from their colour, their hardness, and the 
peculiarities which they present, for veneering furniture, or for 
making some ornamental objects, like mahogany and some parts of 
the old walnut trees. Tho liest signs of the good quality of a tree 
are the beauty of bark and the slight thickness of its sap-wood. 
This last sign shows that tho substantial quality of the soil has 
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shortened the time of the transformation of the sap- wood into perfect 
wood. We might, to a certain extent, by scrutinising this sod, judge 
of the quality of the wood of the trees which it has produced. 

Influence of Atmosplienc Changes on the Quality of Timber or Forest Trees. 

We have remarked that, at the same ago, the trees grown on the 
outskirts of a wood are larger, healthier, and of hotter quality than 
those grown in the interior, which may ho attributed to tlu'ir having 
enjoyed more of the inliiience of tho air. The trees of the gLidos 
have a superiority of shape, of thickness, and of quality ovm* tlioso 
which grow in tlie bushy parts of tho forests.* We obsm-vo also that 
certain exposures have, as much from the action of tlio sun as from 
the winds and the forms of the surrounding soils, an iniluouco upon 
the growth of tho trees and the perfection of tlioir wood, ^rrees 
grown on an eastern and southern exposure have often liard and 
good wood; but they are full of branchos, sometiinos tortuous, 
and for this reason it is diOicult to get from them good ])ieces for 
carpenter-work. On a northoni exposure tho trees a, re finer and 
more straight; their wood is much loss liard. On tlio w(‘st tho tr(‘Os, 
beaten by the wind, are bent and often distorted , their wood is often 
twisted. 

We may remark especially, on the maritime coasts which have 
this exposure, that the trees siiflbv, their heads a-re lient, tlimr 
summits are in the form of an inclined plane in conscquonco of the 
pressure of the wind. 

Importance of a Knowledge of the Practical Points connected with Timber. 

Many practical men rest satisfied with what may bo called tbo 
rule-of-thumb method of determining tho quality of the Limbers and 
woods they use in their respective trades ; or, to bo more preeisi‘, 
depend upon their eye as the best means of judging— as, for example, 
as expressed in this often-repeated phrase, “ i know a good bit of 
timber when I see it” ; or this other, as expressive of confidence in 
their own knowledge, if not quite so grammatical, “ i know by tho 
looks of it, what kind of timber I have to deal wiili.” While no 
doubt a long experience in the dealing with and tho working of timber 
gives a practical man a I'eady facility in judging of its (piality, a,nd 
while some men possess what might bo called quiio a natural faculty 
in this direction — intuitively, so to say, telling which iunlier is good 
or bad, or but of medium quality— still, at the best, timo^ is an 
important factor in the calculation, and tho young, or the (sompaia- 
tively young, practitioner cannot possibly expect know as mucli 
about timber as one who has been handling and working with it for 
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a peri< <1 of practicii very mitcli oxeoeding tlie daraiLon of tliat of iho 
younger man. xind yei tho man yoiing to the bxisiness is all the same 
called upon to do work and to decide upon points just as important 
in their naiuro as tlu-so with winch the older prac-iiiionor has 5o deal, 
who may ho able ])y a more glance at and handling of a piece of 
timber to toll at once its value as a consLrnctivo material. The 
young practitioner, if desirous to excel in liis catling, while taking 
every pains to lea,rn as much as possihlo from his dnily work, and to 
avail himself of the wider experience of such older men as those with 
whom he conics in working contact, is nevertheless forced, so to say, 
to gain as miicth knowledge as he can from a close and aircfnl study 
of tlio general sulijoct of timber. And although this has for tho 
most part to be gone into with the aid of books, or tho practical 
papers read hoforo our loading societies, the practical student must not, 
as some do, detract from the value of the knowledge so gained simply 
for tho reason that it has boon gained through the inodinm of books. 
The iudiilbrenco to, the covert if not open sneering at, book know- ' 
ledge, which some practical men manifest and pra(‘tiso, is, if they will 
only look at it, just as unwise from their practical point of view as it 
is in reality altogether orroueous, arising as it does from an altogether 
erroneous conception of how tho case stands. Those wlio object to 
books or sciontihe papers as'a medium of gaining knowledge, useful 
to them in their daily work, proceed upon tho assumption thtit tho 
books or papers are made up of ma-ttor purely fanciful, conjectural, 
or theoretical, ignoring all practical points of daily utility. While, 
no doubt, both books and papers are in some instances wiitton by 
those who have little practical knowledge of tho subject oi’ whicli 
they treat, still, a book or paper with any pretensions to value will 
contain something which will be all the better for ono to know, 
rather than be ignorant of. But there are both books and papers 
numerous enough to afford a wide range of choice, written by 
thoroughly practical men, who know well from experience in working 
all the essential points of their subject. Their books and papers are, 
in fact, records of their own experience, or of that of otliers as 
practical as themselves, and which they would not quote or give 
unless their own knowledge, their own practical experience, told 
them that such infoiinaiion was pi’actically valuable. What they 
write is of precisely the same practical character as tho information 
which one picks up by a ^‘good business talk with an old experienced 
workfellow ; the only diflerenco being this — that the ono gives you 
practical knowledge thinugh tho medium of his tallc, the other 
through that of a practical book If a man tells you what is a truth 
or fact in technical work — such, for example, as that timber obtained 
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from an oak tree grown in a certain soil and under c(‘rtain conditions 
in relation to other tieos is not of such good qimlity as that grown 
in another soil and tinder other conditions; or, for oxatnplo, as this, 
that the timber of a tree is bettor in quality when the growth has 
been slow and gradual m rather a poor soil, tlian when in a. too rich 
one it has been quicker,— if those facts, and all the facds or truths 
named, are moreover backed up by the reasons why they exist, siooly 
facts are not less valuable because they are comminucated to you 
through the pages of a book, than if they wore told to you by a 
fellow- workman in a quiet chat. Some who o])ject to l>oc)ks or 
papers as a medium for oMaining knowledge, oddly a/iid nicousisiiuitly 
enough have no objection to lectures. Yot., what a, re hudures but 
spoken books? or what are books but, so to say, recorded— {/ha.t is, 
printed — lectures? We have insisted somowliat on iJiis point, as it 
IS one of much greater practical importance to those (uigaged in 
technical or industrial work than many soiun to conedudo tha,t; it is. 
As we have already said, if practical knowliHlgo is only t‘onsidm’ed 
valuable because it has been gained by practical expiuamico, then 
time must be an important factor m the calculation, an(l,tli(^ prociiss 
of gaining knowledge requiring time, a man may have to grow grey- 
haired before he becomes one of ripe and full oxporiimco. Ami this 
is just what wo find in actual working life. And such mou assuredly 
could not have been in any Wcay worse oh— common-sense tells us tliat 
they would have been much better — had they got some l‘ac,ts of tludr 
experience from hooks and papers, which thomsolva^s are but the 
records of the experience of other men as practical as themselves, 
at an earlier period of their lives. And although it is perfectly true 
that in all classes of work in which manipulative skill is required no 
books can possibly give the facility to do the work accurately ; still, 
on the other hand, there are an abundance of facts and truths of 
great practical value to the woikers in such callings, wliich never 
could be learned or acquired by mere manipulative practi(‘e or skill, 
even if they were exercised for a lifetime. We would, tlu^refore, urge 
upon the young student the absolute necessity that ho shouhl gain 
as full and accui'ate a knowledge of all the facts comu^cted with trees 
and timber as he can obtain from books of auiliority. And the older 
practitioners will be none the worse, but all the bottm*, if tluy do the 
same. 


Practical Points connected with Timber. 

In the “Course of the paragraphs already given, the young student 
has had various points connected with timber placed before him. 
Some of these he may consider as in no way greatly concerning Mm, 
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as he is what he calls himself a practical man, desirous to deal only 
with facts, and having no great likmg, if any, for theory, with which 
books, as ho says, but too often and only deal. On the relation 
which books have to the practical man we have in preceding para- 
graph prosoutod certain suggestive points to a reader of this class — ■ 
and winch could luivo been greatly, and as we venture to think 
usefully, added to, had space been at our disposal. And as regards 
facts as againstt heory only, we might — if this same necessity, 
of space was granted us— show that tho prejudices which many 
practical men hear towards theory ai'o but ill founded, and that 
often certain points said to bo theoretical only are in truth purely 
practical. Hence, while, as we have said, some of our more youthful 
and inoxporionced reailors may decide that some of what has been 
given in preceding paragrajihs does not concern them, a closer study 
even of those points will, liowevor, make very clear that they are 
worth knowing, liecauso they arc in their outcome practical, although 
at first sight they may not seem to bo so. For example, the remarks 
as to tho S()il in which tho trees from which timber for constructive 
purposes is taken having an influcnco upon tho quality of the timber, 
may to some readers seem to he anything but practical to them. 
For, as they may remark, what is the growth of a timber tree to us 
— that is a detail over which we have no control. Wo have simply to 
take tho timhci' as it is sold to us; wo may not — generally, indeed, 
do not— know even where the tree was grown. But tho case may 
be diflcront in some parts of one’s experience. Home-grown timber 
is sold and used to a much greater extent than one may be disposed 
to believe, and one may he called upon, if not to select, at least to 
give an opinion as to tho likely value of the timber which the tree 
or trees will yield. And as every reader will possess — we hope he 
will possess — the legitimate ambition to got on in life,” we should 
not like to think of him being called upon to give an opinion when 
he found his knowledge — or rather the lack of it — an obstacle in the 
way of his giving an honest opinion of value to his employer. But 
even should such circumstance never turn up in the experience of 
his life — when he is informed of the fact that some peculiarities 
which he meets with in timber can only be explained by taking into 
consideration the circumstances attendant upon the growth of the 
trees from which it was obtained — such a reader will come — as we 
trust he will — to see that he cannot possibly have too much informa- 
tion on the subject, cannot know too many facts connected with 
timber, as even m tbe most unlikely cases — as such may seem to 
him to he— ho never knows when occasions may turn up when such 
knowledge may prove of direct and incontestable value. It should 



174 


THE CAEPBHTEU AHD HIS TECHNICAL WOBK. 


never be forgotten by tbe young tcclmical student that wlion know- 
ledge is gained he is just so much the richer ; that once acquired, it 
need not be lost; that the carrying it about with him involves no 
labour, incurs no fatigue, and it is ready for use wherever li is 
required, and often required, moreover, at times the most unexpected, 
and these when it is most valuable ISTob only does the soil nifluonco 
the character of the timber which a tree yields — oak, for oxa.mf)lo, 
grown in an undressed clay soil possessing too much moisture'-, but 
grown in a rich loamy soil growing so quickly that the wood is soft, 
while it possesses the same bad characteristic of a tree grown in a 
clayey soil, namely, too much sappy moisture, — not only is the soil 
an element in the question of the growth, a,s exercising an influence 
upon the quality of the timber which it yields, but the mere position 
of the tree or trees has an mduence also ujion this. It is obvious, 
for example, that the sun exercises a powerful influence upon all 
vegetation. If exerted more frequently upon one tree than upon 
another, that which gets the most sumhoat will have less sap than 
the one which gets the least. The closer the trees grow tog('t]ior, tlio 
less sun-heat do the inner ones receive. Each tree m tins ros])ect 
differs from its neighbour as its position differs; hence the timber 
will be different in all, those standing at the outside of the planta-tion 
growing the best, other circumstances being equal. Trees gr'owing 
too thickly spring up too quickly, and become lanky and soft in 
the interior. Oak trees standing alone, or nearly alone, exposed on 
all sides to the weather, are of slow growth, but give the liardc'st, 
strongest, and most durable of timber. From this the reason will bo 
seen why oak trees grown in the north, having loss sun and more of 
what is called a trying climate,” give better timber than those trees 
grown in the softer climate of the south of the kingdom. As a rule, 
then, the best timber is got from the trees which have been the 
longest in growing, and where the soil is diy. 

The timber obtained from a single tree— -and the remark, bo it 
noted, applies equally to a balk or log of timber, which is only a 
tree cut down and squared — is not of equal value throughout. In 
the case of a tree, its mere position in the soil creates a (Hfler-once 
in the quality or character of the timber in different parts. Thus 
the side nearest to or facing the north point of the compass is found 
to give the haidest and most durable timber, its concentric rings or 
layers lying closest together, giving a more compact timber, and this 
from the fact that tliere is less moisture present in it, this being 
forced or rather drawn out towards the south side of the tree, which 
receives the most sap, and is the softer, and that having its layers or 
concentric rings wider apart. This it is which changes the position 
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of tlio coni/ro so called, or Loart of the troo, which, a>s a rule, is rarely 
found in tho exact centre of the circle of the tree. The presence of 
knots on a troo or balk greatly influences the character of the timber, 
llie strongest timber is that in winch the gram is the longest and 
the least inlorruptod, and ns all knots intorruj)t tlie continuity of 
tho grain, tlr^ir prosiuK'o weakens tho timber. And knots are bad in 
anotlui* s(4is<‘, inastmicli, as every joiner knows, a knot falling out 
will render a,u othorwiso good plank or deal useless for any purpose 
in which an nnlnokon suvtaco is required All knots are disagreeable 
tilings to moot witli in working up .timber All knots, as perhaps 
even tlio youngest of our readers will know, aio tho remnants, so to 
call them, of tho branches which grow at those parts of tho troo at 
which tho knots are found. And knots are not always found, or 
make thomselvcis manifest, at tlio outside or external surface of a 
tree when cut down and trimmed of its branches, or of a balk or 
log. Tor a branch may fall olF from decay, or bo brobm ofF by tho 
wind, or by design, at a period m the growth of tho tree long before 
that growth is completed. And tho end or part wlioro tho branch 
grew, exposed by the breaking off of it, is not pushed outwards, as 
some may su}>posG, by tho continued growth of tho tree ; but tho 
new growth the ra,ther covers up and coucoals tho knot or remnant 
of the branch broken or fallen olF Hence it is impossible to tell 
how much a balk or log not cut np is ^Megraded,'’ so to sa-y, by knots 
Cutting up into deals may sliow the presence of knots not at all 
visible on the (exterior before being cut up. This and the other facts, 
that parts of tho interior of tho balk or log may be rotten, or so far 
decayed, and that the timber is weakened by shakes or disturbances 
of tho grain of the wood, explains the reason why there is so much 
asto in cutting up a balk or log into deals. Knots, however, seem 
to fulfil a certain useful oflice in timber trees or in balks, as we find 
that timber wiiich is knotty is freer from shakes or looseness or 
disturbance of tlio grain at the core or heart of the tree, than when 
the knots are aliseut, this office being likened to tliat which screw- 
bolts and nuts fulfil in binding constructive parts together. Knots 
have, so to say, their own peculiar locale in a tree, being found 
in gi^eatest number nearest the centre or heart. The greater the 
distance from tho centre, the fewer the knots. This may be explained 
by supposing that, in the earliest stages of the tree growth, it has 
not the power to cover up or push out the root or remnant of the 
broken or rotted-olF brancdi, which, as wo have seen, is the cause of 
knots. One reason why American timber is held in such repute is 
that it is remarkably free fiom knots. And, as a rule, the more 
free wood is from knots, more especially those which are dead and 
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loose in their seats, so to call their locale, those hoing in more ways 
than one the pla^,aie of the wood worker, the Rior(^ valnaldo it is. 
The worst of all kinds of knots is the knot in width the ba,rk of 
the root or remnant of tlio brokon-olF hi'ancli nnnaius, and is cm- 
bedded in the tree. Tins bark })ecoinGS soft or shi’unk, anti iluis 
loosens the solid pait of tlio knot, which thus (hops ont, leaving an 
awkward hole. Knots of this kind arc known by heavy or thick 
rings round them, the dark part indicating tlu) baa-k 

The qualities wished for m timber are, first, donsiiy or compact- 
ness or solidity, and consequent hardness of the fbres or of the gram, 
as the technical expression is. The second qualUy is durability; 
the third quality is weight or heaviness ; and the last, but not liy 
any means the least, for many constructive ])ur])os('S, is strtmgth. 
These qualities are not all met with in tlic duo jiroportiou di'sired 
in all timber; in some qualities ono or other is very w(*ak; m some 
timbers they are all weak. The sia*ongcst tiinhei* is found in the 
region of a tree midway between the sap-wood aaitl tlui luMirt or core 
of the tiee. The weakest part of the tinilKU* is that neart'si to or 
encoding the core or heart of the tree. Tho eoro or heart/ listdf is 
weaker than other parts exterior to it, and tho part next to tho bark 
is tlie weakest of all. Strength and lieavincss or gravity giaierally 
— but not always — go together. But all parts of the same tree or 
balk are not equally heavy, the heaviest part of tho t/imbor being 
that nearest the root or bole. The part nearest tho root is generally 
the coarsest in the grain. When a tree is in progress of growth, tho 
central parts are the sii ongest ; but when growtli is complotiHl, the 
longer the tree stands the more does tho value of tho iirnbcu' detmio- 
rate — as after maturity decay begins to sot in at the oldest parts, or 
those nearest tho centre. And in liko measure the same applies to 
balks, or logs: the older they are tho more likely are they to be 
deteriorated m value, till timber, indeed, brings loss money tho 
second year than was its value in tho first ; and it is less valuable 
in the second than in the third. But when the timber is thorouglily 
seasoned, then this rule does not apply. It is scarcely possible to season 
thoroughly timber in the balk or log ; but the process of seasoning 
may be applied with success to cut timber — that is, deals and planks. 
Timber in the balk does not from its external appearance give any 
tiustworthy indications of the value of the deals which may be cut 
out of it. One has to saw a balk or log up before he can pronounce 
with certainty as to its working value. Balks or logs are frequently 
disfigured by splits or fissures; unless of great extent, or very pro- 
nounced in character, they will not afiect materially the strength of 
a balk if this is used as a beam. When a balk is sawn into two, a 
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weakness or softness at the core will often show itself, the existence 
of which conld not have been predicted from any external appear- 
ance. When two gilders are sawn or made out of a balk, the girders 
should at onoe be trussed, this after shrinking from the drying, 
tightening up the trusses. In place of using a beam of one thickness 
it is a good plan to saw it up longitudinally in the middle, and 
turning the insides out, make a ditched beam of the two. This will 
enable the wood to get dried and seasoned, and may put a stop to 
the softening or decay of the heart-wood which may then begin to 
set in. After timber has been cut up into deals, and even after 
they have been what is called well seasoned, the troubles connected 
with it may be said to begin for the worker in this material. Por 
although deals and the parts made of them do not alter in the sense 
of their length, they alter most materially in that of their breadth 
or surface. For the boards shrink or contract in width ; they warp 
or cast or become twisted and bent into the most curious and to the 
artificer most perplexing of ways. The shrinking of pieces secured 
with nails, etc., gives rise to the most awkward of rents and splits, 
of which the fittings of not a few houses display some too prominent 
examples. Woods have different capacities for shrinking or con- 
tracting, but the best, or those least given to it, are often bad enough 
in their effects. Warping, bending, or casting, is also an awkward 
characteristic in woods ; but may, to a large extent, be prevented by 
“Lasting ” the boards or deals, this operation being the planing off of 
all sap-wood from the edges of the boards. 

Varieties of Timber. 

American oak is largely used, but it is not so good as the oak 
grown in the northern parts of Europe. Oak timber is at its best 
when the tree from which it has been cut has attained maturity ; 
the grain should be straight, and the heavier the timber is the better 
is its quality. Oak is most valuable when used for parts exposed to 
the weather. The weight of a cubic foot of English oak is 50 lb , 
American 47 lb., Baltic 46 lb. 

Fir or pine is the most extensively used of all the timbers. The 
principal soui’cos from which it is obtained are the vast forests 
of ISTorthern Europe and America. The species known as the 
Finns syhestris, which grows largely in IsTorthern Europe, yields 
the “yellow” deal; the Norway spruce, or Finns alhus, yields the 
“ white ” deal. This timber has a fine grain, is easily worked, and 
the surface can be brought to a good poliv^i. The weight of a cubic 
foot of Bantzic fir is 35 lb., of Memel fir 38 lb., red pine 40 lb., yellow 
pine 33 lb. The Fimcs resmosa is the tree which produces the 
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“ American pitch pine,” which, is the most valuable of the American 
tree firs. It is very close in the grain, is resinous, generally free 
from knots and streaks, and is durable ; its weight per cubic foot is 
40 lb. to 42 lb. The white pine of America is obtained from the 
Finns strohns ; it is chiefiy used for joiner^s work, although in many 
districts its use for heavy or carpenter’s work is largely on the 
increase, and is by many preferred to Baltic timber. The weight 
per cubic foot is 281b. to 301b. 

Elm — Ulmus campestris — ^is a durable timber, especially in cases 
where it is kept continually wet, as in piling, planking for founda- 
tions, etc. It is generally coarse-grained and porous; it does not 
work easily with the tools, being cohesive in its nature ; it is not 
liable to split under the strain of nails, bolts, etc. The weight per 
cubic foot IS 39 lb. 

Beech is of two kinds, the black and the white; the black is 
generally considered the most durable of the two, it is also tougher. 
Like the elm, it is very durable when exposed continually to wet, 
although it decays rapidly in damp, or where exposed alternately 
to wetness and dryness. Beech is much used by the cabinet maker 
for furniture purposes ; a variety known as the silver beech, recently 
introduced, is very beautiful when made into articles of furniture. 
The weight per cubic foot is 50 lb. 

Ash is a tough and elastic timber, used chiefly for mill and machine 
work. It is durable if kept dry, but soon decays if subjected to 
alternation of dryness and damp or wet. The weight of a cubic foot 
is 501b. 

Sycamore is a close-grained timber, is easily worked, and can be 
brought to a fine polish ; its colour is a whitish yellow. The weight 
per cubic foot is 371b. The sycamore, in some parts of the country, 
is often called the plane,” but the true plane is a distinct species. 
It is similar in appearance and quality to the beech , it works easily, 
and is very durable in water. The weight of a cubic foot is 45 lb. 

Poplar, of which there are five species in this country, grows 
abundantly. The trees are very subject to decay; the timber is 
used for various purposes, where the scantlings are small. The 
average weight of poplar per cubic foot is 32 lb. 

Mahogany is of two kinds, Spanish mahogany and Honduras. 
The weight per cubic foot of the former is 55 lb., of the latter 40 lb. 

Alder is a timber eminently adapted for foundations and piling 
purposes, being exceedingly durable in water. The weight per cubic 
foot is 35 lb. to 46 or 50 lb. 

Chestnut is a valuable timber, closely resembling English oak in 
nearly every respect ; but it is easier to work, and is tougher, and 
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does not discolour at tlie parts exposed to the action of iron. Its 
weight per cubic foot is 35 lb. 

Walnut and rosewood are chiefly used for cabinet-making purposes. 
The weight per cubic foot of walnut is 35 lb., of rosewood 44 lb. 

Teak, an Indian timber, although light and porous, is so strong 
and durable that it exceeds oak in these respects Its weight, per 
cubic foot, is 41 lb. 

Larch is a very durable timber, and is used extensively for railway 
sleepers; but is well adapted for building work. The weight per 
cubic foot is 30 lb. to 45 lb. 


Decay in Timber. 

Decay in timber is caused chiedy by the presence of the natural 
juices or “ sap,'' or from moisture which it may receive from various 
sources. The tendency to decay is greatly modified hy the natural 
properties of the timber itself, and by the kind or quality of the 
sap. Timbers vary greatly in their natural properties, according to 
the physical, or we should perhaps say the mechanical construction 
of the fibre, and partly to the nature of the sap. The constructiou 
of the fibre includes not only its form, but its substance also. This 
point is important, inasmuch as the evaporation of the watery portion 
of the sap of the wood, which is vitally necessary, is either facilitated 
or retarded, according as the fibre is open and spongy, or close and 
compact. And again, in wood where the fibre is close and compact, 
such as oak, beech, etc., the proportion of sap to fibre is much less 
than in the open and spongy woods, such as fir, willow, etc. But 
although the porosity of wood is important, as being the medium of 
evaporation, the nature of the sap is a point of greater importance 
for the following reasons. When a tree is cut down, it is charged 
with that quantity of natural moisture which has boon necessary 
for its vegetable existence. Now, the second cause of the differenco 
in the properties of wood is the nature of the sap which has nourished 
it whilst growing. It is scarcely necessary to state that the sap of 
all trees is not alike. This difference is caused by ib© various 
proportions of different cbemical substances which enter into its 
composition. Bor instance, the sap of some trees is more or loss 
resinous, as that of the pine; gallic or astringent, as that of the 
oak ; or mucilaginous, as that of the cherry tree ; and according to 
the increased proportion of these substances which the sap contains, 
there is less liability to rapid decay; whilst, on the contrary, the 
more water the sap contains in its natural state, the loss durable is 
the wood when deprived of vegetable life. 
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The decay of wood of all kinds dates from the time that its vege- 
table life has been destroyed by cutting down. From that moment 
the work of decomposition begins, and is expedited or retarded 
according to the nature of the wood, and the length of time that 
may elapse before the watery portion of its sap is evaporated. If, 
then, such moisture is allowed to remain, decay soon becomes per- 
ceptible ; but, on the contrary, if it be expelled, the process of decay 
is slow, and so gradual in its operations as to be imperceptible for 
centuries in some descriptions of wood, — and hence the necessity for 
using well-seasoned wood. 

The chief cause of decay in wood is generally understood to be 
the fermentation of the nitrogenous substance contained in the sap, 
caused by the oxygen in the air acting upon the moisture of the wood. 

Seasoning and Preservation of Cat Timber, 

Timber thoroughly well seasoned implies that condition in which its 
good qualities will be preserved, so that in one sense the seasoning 
and preservation of timber may be taken as the same terms. But 
timber may be well seasoned, and yet we may place it in such 
unfavourable conditions that it loses the good properties it may 
possess, and begins to decay. The term seasoning,” therefore, may 
be accepted as indicating the process by -which we give timber good 
qualities— -that of “ preservation ” the process or means adopted by 
which we retain in it those properties. 

Seasoning . — The oldest and most generally adopted method of 
seasoning” timber is steeping or immehsing it in water. This 
method is based upon the fact that, by placing the timber in water, 
the sap is washed out of the pores and the water takes its place, 
which, when the timber is afterwards exposed to the atmosphere, is 
much more easily and quickly expelled by evaporation from the 
timber than the sap in its ordinary or natural condition. To obtain 
the best results of this mode of seasoning in the quickest wa^, two 
things are essential : the water must be running water, and it must 
be as pure as possible. “ Natural seasoning ” is simply exposing the 
timber to the air, under sheds or otherwise piled up. 

Fresermtion of Timber . — The most generally adopted mode of 
preserving timber after it has been, or is supposed to be, seasoned, 
is painting its outer surface. That this is effective only under certain 
circumstances we all know j for paint itself, under the action of the 
atmosphere, rapidly decays, exposing the timber to the action of the 
same. Coal tar is a good preservative. It is much more la, sting 
when mixed with sharp river sand, which may either be mixed with 
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bhe tar and the mixture painted on, or the tar may first be put on, 
and the sand strewed or thrown or dashed over the surface while 
the tar is wet. It is best to use the two modes in conjunction — 
that is, putting a small quantity of sand in the tar in the first 
instance, and painting the surface, and finishing by sti'ewing the 
sand over the whole. The same method of using sand may be 
adopted with ordinary paint. In preventing the attacks of fungi on 
wood, a paint made of 100 parts of flour of sulphur, 15 parts of 
linseed oil, and 67 of manganese, has been used with effect. A sur- 
face preservative is highly spoken of. It is made up as follows : — 
Linseed oil 15 parts, resin 15, tar 5, white lead 12, any colouring 
material 4, cement 6, oxide of iron, glue 2, hydrate of chalk, lard 
15, litharge 2. The whole to be boiled and reduced to one-tenth of 
the original bulk, and applied hot. The carbonising or charring of 
timber, as in the case of the feet of posts, which are to be inserted 
in the ground, is a good method of preserving it. A process has 
been recently patented for charring the surfaces of joists, etc., used 
in building. 

In Beth ell’s process of preserving timber, the heavy oil of tar, 
in which creosote is largely present, is employed. This strongly 
odorous substance coagulates the albuminous matter found in timber, 
and hardening it partly increases the strength of the woody fibre ; 
and as the oils are insoluble, they cannot wash out of the timber, 
Turther, their action is such that they effectually prevent worms from 
attacking it ; they absorb the oxygen by which decay is promoted, 
and they also resinify the interior pores, preventing access of air, and 
are obnoxious to all fungi and animal parasites. From the colour 
and objectionable smell, however, which the oil imparts to the timber, 
the process is only available for outside work. The patented process 
is rather complicated, but for all ordinary pui’poses the plan of 
simply steeping the timber in the oil in a tank made for the purpose 
will be amply available The timber should be dried before it is put 
into the tank, in which it should be allowed to remain for twenty-four 
or thirty-six hours, according to circumstances. The oil should be 
made hot in a pan or small boiler. This process of immersion will be 
found very useful; but where it cannot be carried out, much of its 
advantage will be obtained by simply painting the surface of well- 
seasoned timber with the oil. This will make the timber last longer 
than if this painting be not done. 

The Felling of Trees for Timber. 

When used for building purposes, it is necessary that the trees^ 
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at whatever period of the year they may be felled, should not be 
allowed to stand so long as to exceed their average period of growth. 
This is important, when we consider that timber allowed to be too 
old before it is cut is likely to have what is technically known as 
star shakesT Star shakes in old timber are cracks m the wood, 
which radiate from the centre to the circumference of the tree, 
having their greatest width or extent of opening towards the centre 
of the tree, or that part where the timber is most valuable ; whereas 
in young trees the star shakes, while radiating as above, have their 
widest opening at or towards the circumference of the tree, or at that 
point where the least valuable part of the wood is met with. This 
point bears, then, upon the value of the timber ; but it also appears 
that the value is influenced by the season of the year at which 
the timber is felled. The best season would be that immediately 
preceding the period when the “sap” movements begin, in early 
springtime. Practically, however, the felling season should extend 
itself from the period when the sap movements or active vegetation 
cease in the autumn to the period before it begins in the spring. 

As the sap movements in timber exercise a most important in* 
fluence upon its value, it will be interesting here to glance briefly 
at a few points connected with them. The sap of trees — which is 
composed of oxygen, nitrogen, hydrogen, carbon, and sulphur, and 
which forms a considerable proportion of the bulk of the green or 
fresh wood — is, as may be supposed, a varying quality, and that 
according to the season. From the fact that the sap movements are 
most active in the spring months, it might be supposed that the 
amount or quantity of sap in trees would be gi'oatcst in spring. 
Accurate experiments show that this is not so, and that the greatest 
quantity is met with in the months of December and January. It 
gradually diminishes in the months of October, November, February, 
and March, next in April, May, August, and September, the minimum 
being in the months of July and August. Of course these general 
statements must be modified by circumstances, such as dry and wet 
seasons ; but the rule, as a whole, stands as we have put it. After 
being cut down, the sap, as a rule, evaporates gradually ; it is only 
in some cases that the sap is got rid of by its flowing or exuding 
from it, and this flowing out is greatly dependent upon the state in 
which the timber is after being felled ’ for if the bark is stepped, 
the flowing-out of the sap from the wood is much quicker than in 
cases where the bark is allowed to remain on. With bark stripped 
off, the weight of the sap gradually diminishes ; but with the bark 
on, this fluctuates, moisture evidently being absorbed from the atmo- 
sphere by it. 
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Useful Buies m connection with Beams, Floors, Koofs. 

Under this heading our space will not permit of our giving more 
than a few of the leading calculations respecting what may generally 
be called framing work. Of this the general principles have been 
already, under the division of this work on Carpentry, given in 
preceding paragraphs. 

To find the dimensions of a strut or brace of fir, the length of 
which is given. — Multiply the length of the brace in feet by the 
square root of the length of the part of the rafter, supported by a 
brace : multiply by 0 8 the square root of the result. The quotient 
will be the depth in inches, and the depth multiplied by 0*6 will 
give the breadth or thickness of the strut or brace. ’ 

To find the depth of a flooring joist of fir, the thickness and length 
being given — Square the length of the joist in feet ; divide this by 
the thickness, and multiply the cube root of the result by 2*2, which 
will give the depth. 

To find the depth of a ceiling joist of fir, the length and thickness 
being given — Take the cube root of thickness in inches, and divide 
the length by it, and multiply by 0 G4, which will give the depth in 
inches. 

To find the thickness of a fir girder, where the beating or distance 
between the walls and the depth are given. — ^Take the square of the 
bearing in feet ; divide it by the cube of the dopth in inches, and 
multiply the result by *74, which will give the tlnckness. 

To find the depth of a fir girder, the bearing and breadth or 
thickness being given. — Divide by the breadth in inches the square 
root of the bearing in feet, then multiply the cube root of the 
quotient by 4*2. 

To find the thickness of a bridging or binding joist in fir, the 
bearing in feet or the length and the depth in inches being given. — 
Cube the depth in inches, and divide it by the square of the bearing 
in feet, and multiply the result by 40. 

To find the depth in inches of a tie-beam of fir, in which the 
bearing in feet and the thickness in inches are given. — Take the 
cube root of the breadth in inches, and divide the beaiing in feet by 
it, and multiply the result by 1*47. 
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To find the depth in inches of a principal rafter of fir for a king- 
post truss, the length in feet and thickness in inches being given.-- 
Take the square of the length in feet, multiply it by the span in 
feet of the roof, then divide the result by the cube of the thickness 
in inches, and multiply the quotient by 09G and by 0 155 for the 
rafter of a queen-post truss, which will give tho depth in inches. 

For common rafters, of which the length in feet and thickness in 
inches are given.— Take the cube root of the thickness, and divide 
by it the length in feet; multiply the result by 0 72, tho depth will 
be obtained. 

To find the dimensions of a king-post in fir, tho length in foot 
being given. — Multiply the length by the span of the roof in foot, 
and the result by 0T2 , the quotient is the area in inches. 

To find the dimensions of a queen-post in fir, tho length being 
given — First find the length in feet of tho tie-beam which the 
queen-post supports — generally one-third— then multiply this by the 
length of the queen-post in feet, and multiply tho result by 0 27, 
which will give the area The depth of king-posts and queen posts 
should correspond to the thickness in inches of the tie-beam of the 
truss ; so, this being a known dimension, the thickness of tho posts 
will be found by dividing the areas found by the two last rules by 
this dimension. 

To find the dimensions of purlins in fir, the length and tho distance 
they are placed apart being given. — Cui)e the length, and multiply 
this by the distance apait; the fourth root of the result is the depth, 
which, multiplied by 0 G, gives the thickness. 


END OP ^‘THE OABPENTER.” 
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Introduction, 

The mateiial witli wlxicli the joiner works, like that of the carpenter, 
is timber or wood. These terms are scarcely synonymous. Taken 
as separate or individual names, they in some measure indicate the 
diflbrence which exists piactically between the two classes of work, 
that of the carpenter and that of the joiner. When the term wood 
is used generally, it is intended to convey the idea of the kind or 
class of material obtained from trees, large or small as the case may 
bo, and which as a constructive material is known to possess qualities 
very difibrent from the other constructive materials known as stone 
or iron. Bub when we come to use the generic term wood, as applied 
to some definibe kind of construction, wo find that it assumes two 
branches, to one of which the term wood ’’ is still applied, to the 
other the term timber.” And it may be safely held that even in 
popular estimation the term timber ” or timbers ” conveys the 
idea of the material present in large masses, to which the names 
of balks,” logs ” or beams ” are applied ; and the trade concerned 
in the working up of which is also popularly understood to be that of 
the carpenter. On the other hand, still keeping the distinct trade 
in view, when we talk of the generic name for the material as 
being used, wo give the term wood ” or woods,” and conceive of 
its use in connection with the work of the joiner. And joiner’s 
work, we all know, deals with the material in comparatively and 
actually small masses or pieces, the work done with these giving 
a very wide array of names. 

Tlie Bistiuctiou practically made l)etweeu Carpeuter^s and Joiner’s Work. 

The distinction above glanced at in practice constitutes the differ- 
ence between the work of the carpenter and the joiner. The carpenter 
deals with the material in the form of long and bulky pieces, and 
out of them arranges certain large structures, forming the joints 
and piecing or placing them together, in order to make — keeping in 
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view house building or construction only — the floors, partitions and 
roofs. These may in one sense be called the external work of the 
structure, but more correctly the general framewoi*k by which the 
walls are, so to say, bound together, and by which the whole is covered 
to protect it from the inclemency of the weather. In this class of 
work the timber is left with its surface rough, just as it comes to 
the hand of the workman from the saw mill, or as it is impoited 
direct from the lumber ” works of the forests of northern Europe, 
in the Old World, or from those of America in the Kew, from winch 
our supplies of timber are obtained. And while referring to the 
term ^‘'forest,” it is curious and suggestive to note that the distinction 
between timbers ” and woods ” in relation to size which we have 
observed is carried out more or less in the case of the places 
where timber is grown. Thus we know pretty well generally 
that when we talk of woods we refer to tracts of land under 
timber comparatively limited in extent, and bearing trees not 
very large or very old; when we use the term forests’^ we mean 
more extensive tracts, including very large and very old trees, and 
very numerous. 

General Character of the Work of the Joiner. 

Leaving the specifle work of the carpenter (see “ The Carpenter^’), 
on the other hand we find that the joiner takes the material in 
pieces of comparatively small size or bulk, and cuts them into the 
form or shape and the dimensions necessary for certain ^^fittings” of 
the house — the surfaces in all cases being made clean and smooth ; 
this being generally done by the operation of planing.” The fit- 
tings” of a house in wood, or joiner’s work” as it is generally 
termed, come under two classes — exterior and interior work. The 
exterior work comprises the external, front, back, or street doors — 
the window frames, and where stone work is imitated in wood ; bay 
and bow window work, eaves, cornices, barge boards, etc., etc. The 
interior work comprises the floor proper, or the surfaces on which 
we tread, known as “ floormg boards,” the finishing of these at the 
parts where they join or come up to the walls, known as skirting 
boards,” dados,” and the like; the interior furnishings of the windows, 
as in sill, architrave, shutters and shutter-boxes, interior doors with 
their architraves, and panelled work. Chimneypieces formerly con- 
stituted an important part of the work of the joiner. But wooden 
constructions are now almost wholly superseded by stone, marble, 
enamelled slate, and for bed and less important rooms cast-iron 
chimneypieces. A very important part of the work of the joiner is 
the design and making of the wooden staircases by which communi- 
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cation is had from one door to the other — and in connection with 
this the department of hand-railing. The class of work done in 
those two departments* — staircasing and hand-railing — is in many 
cases so diilicult, and involves, especially in the case of hand-railing, 
so many intricate problems, that they are frequently pursued as "a 
distinct trade. The various inside fittings of a house, such as 
shelving, etc., all come under the domain of the joiner, who also 
undertakes all the iron work connected with doors and windows, 
etc., etc., and which — as hinges, latches, locks, etc., etc. — are known 
generally as furniture,” such as door fiirmture, window furniture. 

Brief Historical Glance at the Art of the Joiner — Its Technical Suggestions. 

In considering the relative antiquity of the two trades, the car- 
penter and the joiner — although the two are frequently combined 
in one individual — there is no doubt that the palm of seniority must 
be awarded to the trade of the carpenter. Shelter was a primary 
necessity (see the series of papers entitled ^^The Carpenter”). And 
this, as wo have seen from those papers, would at first, and for long, 
be of the roughest , and rudest kind. But as the arts of civilisation 
multiplied, the demands for mere shelter from the inclemency of the 
weather would be supplemented by those which a desire for some 
thing more than shelter — namely, that for comfort — would evoke. 
And as wealth increased those internal fittings, which at first w^ould 
be of the simplest kind, would be made more luxurious, and both in 
general form and in detail would begin to minister to that taste 
for the beautiful which seems to come with increase of comfort and 
of luxury. We can easily conceive, then, that at first, as the interior 
fittings would be rough and heavy, and the conveniences clumsy, the 
carpenter who had framed the timber work of the house would take 
in hand the making of those fittings. And it would only be at a later 
period, when the fittings became of a lighter character and more 
ornate in design, and consequently more difficult in construction, 
that finer and more costly tools would be required than those in 
use by the carpenter, and in keeping with the tendency to promote 
division of labour, which naturally brings with it an acquirement 
of greater skill, and which was early developed in the progress of 
civilisation and its varied arts, the making of the interior fittings 
of houses would become a distinct branch, and the special trade of 
^'the joiner ” would become established. 

Subjects to be Treated of iu the Present Paper. 

In the present series of papers we intend to explain and illustrate 
not so much the tools and appliances with which the joiner works-^ 



188 


THE JOINER. 


as those can only best be understood when seen, bandied, and worked 
with, or seen as worked by tbe bands of a skilful workman as bis 
actual constructions and tbeir details. Our illustrations will, there- 
fore, have reference more to the form which certain parts assume, or 
their design, than to the way in which they are made by tools, more 
as to whdt is made or done at the bench than how it is made. This 
latter part of the joiner’s duty can only be learned thoroughly by 
working at the bench, seeing how the work is done, and by long 
continued practice in the doing of it. This plan or mode of treat- 
ment does not preclude us, however, from giving sundry hints inci- 
dentally, or more systematically as occasion serves, as to how work 
should be done. As to which point all that is at present essential 
to say is that the work should be honest work— the very best which 
the workman can give; no shirking, or '‘scamping”— as the graphic 
phrase of the workshop puts it — ^bcmg at all admissible. If the 
very best which the young joiner can give be not the best which 
is wanted, that best will come in due course in virtue of practice 
and a dogged determination to succeed " Eome was not built in a 
day,” and finished workmanship is only reached by patient and 
honest practice. Some may reach it quicker than otheis, for abilibies 
vary with different men. But although the progress be slow, still 
if improvement be clearly made, the young woikman must not and 
need not be discouraged: quickness will come with practice, and 
good work also — the one thing required in all cases being a deter- 
mination to do one’s very best. 

Classification of Joints. 

The first department which shall engage our attention will be that 
of methods of joining pieces of timber together which are placed or 
lie when joined in certain special relations to each other. This 
depaitment is technically termed "joints,” and bears the same rela- 
tion to the finished or completed parts as the "joints” of "The 
Carpenter” bear to the finished constructions— as floors, partitions, 
and roofs. Of the joints used in the joiner’s art it is not easy 
to give a precise classification in definite groups or families. This 
does nob arise so much from their mere number — although this, 
as will be seen, is great; but because several, so to say, overlap 
each other, and are dependent upon or are related more or less 
closely to some other. Some again so overlap with, or in principle 
so closely resemble, similar joints in carpentry, that it is not easy 
to separate the two by any distinct line of demarcation. In the 
present work this will not practically much concern us; inasmuch 
as both arts — that of the joiner and that of the carpenter — will 
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be found treated of in its pages. A classification of the joints 
used by tlio joiner into groups sufficiently precise to enable easy 
reference to be made, so as to become acquainted with their charac 
teristics, may, however, notwithstanding what has been said above, 
be made, and will be hero attempted. We begin with the joints 
used in joining two or more pieces, each comparatively narrow, and 
of equal, or it may be of unequal, breadths or widths, in order to 
form a fiat surface, such as a simple door. (See a succeeding chapter 
on the difierent forms of doors in use.) When the separate pieces 
joined together arc placed in their permanent position, in which they 
are subjected to certain strains tending to separate them, after they 
are joined individually, or rather after two or more contiguous pieces 
are joined, they are collectively held together as one piece by certain 
methods whicii again may come under another classification or group 
of joints. 



Joining of Boards together to form a Broad Surface. True ” or Perfectly 
Flat and Square Edges in Joined Boards. 

This is one of the cases alluded to above, in which two groups 
overlap each other, so to say, or are used in conjunction. In the 
group in question, the primary idea of the joint is to place two 
contiguous boards in relation to each other, so that their edges shall 
touch one another throughout the whole length, the joined piece, or 
‘"board” as it is technically termed, forming a fiat surface, of Avliich 
the breadth is equal to the sum of the two separate pieces. The 
simplest of all the joints in this group is obviously formed by pre- 
paring the edges of each separate board in such a way that the 
surface of each edge shall be perfectly straight — or level,” as some 
would call it — from end to end, and that moreover each edge shall 
in relation to its breadth or width — that is, the thickness of the 
board or plank — be at right angles to its faces or flat surfaces, and 
that at any part of its length wherever tested by the “ square.” An 
edge thus formed— the tool called the ""plane” being used to produce 
it — is called a "" true,” or a "" perfectly true,” edge ; and when two 
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such edges are brought in contact, as at a and J in fig. 1, the joint 
is said to be a true joint.” In some cases, as where a joint pretty 
fairly air- or water-tight is required, or for other I’easons, the edges, 
in place of being at light angles to each other as at a and 5, ai-e 
made to slope, or are bevelled ” or splayed ” off, as at c d and e f. 
Those when joined or placed together give a less direct course, so to 
say, from one surface to the other, or to the line of joint. So also in 
the forms of joint at g h, ij, in the same figure. In this case, as in 
the joint at a h, the edges g h and e /must be perfectly ^Hrue ” ; the 
angle being once decided upon, and the “ bevel square ” set to that 
angle, the face must be true to that at any and at all points in 
the whole length of the joint. If this be not secured, as also in 
the case at a h, the joint will not be true,” and the two pieces will 
not be square or fiat, but will ^^ride” or jog or jolt when moved. 
Absolute truth ” is requisite in all joints. 



Fig 2 


Joining of Narrow Boards together Edge to Edge to form Broad 
Surfaces. 

It is obvious that, however accurately the edges at a b, c d, in 
fig. 1, may be made, the two pieces when put together will bo s(qia- 
rated with extreme ease. In rough work nails may be driven in 
diagonally at each end, and at various parts of the length of joint. 
But in superior work, where joints technically termed^ “fair” are 
required, methods other than this rough, if ready, mode of keeping 
the boards together are adopted. In fig. 2, the joint used when 
boards are “ tongued and grooved” is illustrated. After the edges, 
as a and b in fig. 1, are planed or made “true,” a recessed part| 
technically called the “groove,” is “ploughed” out by a plane used 
for this purpose, along the centre of the edge, shown at i / fig. 2, 
the full length of the board ; this is shown in section at c and d 
on the edges of the two boards a and 6. The two boards thus 
grooved on their edges are brought up edge to edge, and a long, 
narrow and thin strip, technically called the “tongue,” but con- 
sidered as a separate piece frequently termed a “ feathei*,” is driven 
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in tight, as shown at g. Or the one half of this — shown in section 
at h — may be driven in the groove of one piece, /, and when in 
place the groove of the other piece, 6, may be passed over the 
projecting part of feather or tongue,’’ and then driven home,” as 
the technical phrase has it. The tongue or feather g or A, while 
fitting the space formed by the two gi-ooves, when the pieces a and 
h are brought together, as at e /, must not fit too tightly, as when 
driven home ” it is apt to split the sides of the groove. Another 
method of joining boards together edge to edge is shown in fig. 1, 



Fig 3. 


at j h I m n 0 , in which the projecting part at/, or tongue, enteis 
the groove h, the edges I and m, n and o, butting or lying against 
each other. This forms a secure and an air- and water-tight joint; 
and many modifications of its principle will be met with in the 
illustrations yet to be given. 

Joining of Boards with Eibs— Precautions to be taken in bailing on the 
Bibs to the Boards. 

A very simple method of joining boards or planks together, edge 
to edge, is shown in fig. 3 ; the two boards a and 6 are brought up 
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edge to edge at c, and the joint covered with a “batten/^ 

rib/’ firring-pieco/' or “ bar/' d, or roll/' m, broad enough to pa«s 
some distance beyond the joint on each side of it. This method is 
generally adopted in the construction of superior sheds and timber 
houses. In work of this kind, as the boards a and h shrink latei'ally, 
tending to separate from each other in the direction of tho arrows 
e andy, widening the joint at c, great care must be taken to nail one 
rib or feather, to one only of the boards, either a or h. If nailed 
to both boards, a rupture either of the rib d, or tho edge of one of 
the boards or the edges of both pieces, will be almost sure to tako 
place, giving ugly splits, and destroying the integrity of the con™ 
nection as a good air- and water-mght joint. This splitting of tho 
wood is caused by the great power of shrinkage of the boards a and 
6, and which being, as it were, encountered or resisted by tho rib <% 
preventing them separating, the shrinkage force is greater than tho 
tenacity of the small part of the edges of which tho nails tako a 
hold, so that part gives way. But when one rib d is nailed to one 
of the boards, as h only, as we have shown is the rul in sound work ; 
when the shrinkage takes place, the board h is free to move awa-y 
from the board a with its nailed rib d^ so that no strain is thi'own 
upon the board a and rib d. When a shrinkage ceases, and swelling 
of the boards takes place, as in damp weather, the boards meet again 
at the edges c. To allow of the boards giving and taking a little in 
case of damp weather, the joint c should have a little ^^play" given 
to it — that is, the boards a and 5 should not bo allowed to be pressed 
up very closely together when the rib d is nailed to ono of them. 
When the ribs, as g, are fastened by two nails, as shown in lig. 3, 
the action of the expansion of the two boards, in tending to split tlio 
wood, is represented by the arrows e and /. In fitting up boards in 
this way, the joiner” will have to exercise his judgment, dependent 
upon the condition of the boards and the state of tho weallua* at 
the time of fitting them up. Allowance will have to bo made when 
the boards are damp or ill-seasoned, or mce mnL Tho olovaiion is 
shown between, at ; the ribs, as cZ, arc in superior work splayed 
or chamfered, as at h h or or ma.cIo half round, as at m n. 

Joining of Boards Edge to Edge by Sunk Eeatbors or Ribs—Bebated Edges. 
Another method of joining and securing boards together is illus- 
trated in fig. 4. In this each board is cither worked or toohicl by 
hand, planed or cut by a machine, so as to leave the edges formed as 
at e and/. This form of edge is technically called a ^‘rebate/’ 
When two boards are placed edge to edge together, spaces are formed 
between them, running along the whole length of the boards. Into 
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tho.so space.-., tonp;ues, fillets, feathers, or slats, of section as at ^ in 
fig. 3, of (limon.sions a trifle loss than the .size of space, are passed 
into it, and awsured by nails which may bo driven in at the back— 
the nails, as in the ca.s(» of the method at a h, being driven in at 
one board only. The “ fillets ” are shown in place at g and h in 
cmss-soction, and at i and,; in front elevation. 


m 
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Joining of Boards— Quirk Moulds, tongued and grooved, and with Quirk Bead. 

A iricxlifioation of tho method Bhowi: at J h I m n o in fig. 1 {ante) 
IB illuBtmtod in fig. 5, an at a h in elevation, and m at a' a!' If in 
K(iction ; the l)oardB being alternately tongued and grooved as at a' 
and (f* The edge on the htce of the boarcls or planks a and 5 is 
finished with a iiioulding known m the quirk moulding, as shown 



at !/ ; ilm other faro may have only plain joints, or the edges of both 
iKjards may bo providcnl with (piirked mouldings, as in the drawing. 

In the pro<xxling figure we show the form of joint with 
quirki^l ” iiKmlding or bead, in wbkh the boards joined are free to 
give an<l take wiihottt making ojsm ymin. These ornamental joints 
are usoil in sti|>erior weak only. In some cases tlm flat side is 
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relieved by making at the joint an angular groove ; this is clone by 
taking off the corner or angle of each adjoining edge. This taking 
off the sharp corner is called “ taking off' the arris/' the angle being 
the arris. The same operation is in other cases called chaiuforing." 
(For what are called chamfers ” and ^^stop-chamfers” see a succoed- 



Fig. G. 


ing chapter, and V and c' in fig. 25.) In brick and stone work the 
same operation is called splaying ” or bevelling ” — a corner bcfixig 
said to be ^‘splayed ” or “bevelled.” The boards sometimes h<ave the 
“arris” taken off at the corners of both sides or faces; when a 



Fig. 7. 

number thus treated are put together edge to edge they bmumb 

the form in fig. 6, the upper part of the diagram being in crowj 
section, the lower in elevation. A simpler form of the ciuirk bc‘ad 
]oint for hoards joined edge to edge is shown in fig. 7, in which tho 
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various parts corresponding in tlio diflbront views are indicated by 
letters, plain and accented. 

Securing Boards joined Edge to Edge by Ledges. 

Boards having their joining edges treated in the methods now 
described in figs. 1 to 7 inclusive, are secur(3d together as in the ease 



of a door, braced or lodged, not panelled (see a succeeding chapter 
for dosciiptions and illustrations of the various forms of doors), in 
various ways. In iig. 8 we illustrate a method very generally 
adopted in the simpler form of doors, known as a lodged door/* 
In this case the boards are laid edge to edge with plain joint, as 



Fig. 0. 


shown in the cross section at a, fig. 8, and in elevation at a* a! a'; 
and in number sullieientto make the surface of the breadth required. 
A fiat, broad “ledge/* ten,** or cross-piece, c c c, with the “ariis** 
taken off, or chamfered, at each edge on the tipper side, is nailed 
across the surface of the boards a q1 and secured by nails or 
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screw-nails ; the latter in good work. This batten is nsixally placed 
at some short distance from the tipper ends of the boards a' a' a% as 
shown, and another batten is placed at the bottom end of the boards. 
The whole are shown together in side elevation at h hy d; d being 
the ledge or batten, and h h the edge view of the boards. In the 
cross section d,i a a^hh shows the upper edge view of the lodge c c c. 


Securing Boards "by a Dovetailed Ledge or Cross Batten. 

In place of the ledge or batten being nailed on or screwed to the 
surface of the boards, it may be secured as in fig. 9. In this method 
a “ dovetail ” groove or moirtise (see Dovetails further on), c c, is cut 
in the face of boards d dy as shown in face or front elevation at 
a' The ‘'ledge,” “batten,” or cross-piece aa k formed with a 



Fig. 10 

dovetail tenon, h h ; thus filling up the dovetail mortise o c in 
piece d d. 


Securing Joined Boards together hy means of Cross-pieces or Bails with 
Surfaces Flush throughout. 

In joining boards edge to edge in order to form a larger, that is, 
broader or wider surface, by the methods shown in figs. 8 and 9, tlm 
“ledges” or “battens'* c c, fig. 8, and a a, fig. 9, project from the 
surface of the boards. In superior work the surface of the united 
boards is generally desired to be “fiush** or even. A method of 
joining and securing boards placed edge to edge togetlier with the 
Surface of the cross-piece or '‘flush** with the surface of the boards is 
illustrated in fig. 10. In this method the cross-piece, as a ay runs 
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along the termination of the boards h h, which are all cut off 
square/' but are not left plain, bdng provided with a “ tongue/' 
feather,” or projecting rib, as shown at c in edge view /. This 


takes into a groove ploughed 
out on the edge c c of the cross- 
piece a a. The thickness of the 
cross-piece a a the same as 
that of the boards h 6, so that 
there is no projecting part at 
the junction, but the surfaces 
of both coincide or run into one 
another. The tongue e and 
ploughed groove c c in lower 
diagram are of course made in 
the centres of the batten a a 
and boards h h, c c. In superior 
work the boards h h themselves 
may bo joined together by the 
method illustrated in fig. 2, and 
as at ^ ^ in fig. 10. 

Joined Boards secured together with 

Cross Bails and Vertical Styles. 

Another method of securing 
the boards together when placed 
edge to edge is illustrated in 
fig. 11. In this the hoards, as 
a a, are enclosed within a spe- 
cies of framing with two side 

styles,” part of one of which is 
shown at h hy and a cross-piece 
or ‘‘inil” c c connecting these. 
The motho<l of joirung those two 
members will he described in a 



future pert of this work when wo 

come to illustniie methods of join - ^ ^ 

ing pieces in different relations 
to each other, as pit^ces at right 

angles, shown in this diagram. — ^ — — — i 

The boards a m may simply bo J 

jammed tightly up against each other by the side styles h h ; or 
better and more secure work will bo obtained by ploughing the 
inside edges of the side styles, as b by and the inner and lower edge 


'IT ‘Sig 
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of cross-piece c c ; and finishing the outside edge of a and the upper 
ends of all the boards with a tongue; or all the ni embers may bo 
secured together, as at e and g in fig. 10. The boards, as a may 
either be brought up edge to edge with a plain joint, as in fig. 11, or 
the junction at edges may be finished to show as at g h in fig. 4, or 
as in figs. 5 and 7, /is the other style or side-piece corresponding 
to h, with upper part in section showing mortise at scat for tenon (L 
As elsewhere stated, the joints of “ joinery and those of ‘‘car- 



Pig, X2. 

pentry ” in several instances are so similar, at least in principle, if 
not in detail, and, so to say, overlap eimh other, that it is dijfficult 
to draw the line which separates them ; the only practical difrercnco 
between them being this, that joinery deals with small, carpentry 
with large masses or pieces of timber. Several of the joints illus- 
trated in this paper are examples of this peculiarity. 




Pig. 13. 


Joints used in Lengthening Pieces— The Half-lap Joint. 

We have just said that the joints of “Carpentry and of Joincuy” 
were similar in principle ; an example of this is fotind in the illus- 
tration now to be given, which forms one of sovcTal m(‘iho(lK used 
to lengthen one piece by having another piece added to it. Mg. 12 
illustrates a well-known form of joint, known as the “ half -lap ; 
fig. 13 shows this in detail, I and m being longitudinal S(‘.ctionH of 
the parts a and b in side elevation; cdef shows in plan the part 
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cut out to half the depth acims the Hue g h % j h being the line of 
junction of tlui two Hurfaceu. The paHn may l>e KOcured togoihor by 
a pin, an at c iti iig* 14, but this joint is weak to resist any side or 
lateral pressures, as indicated by the arrow which will tend to 
displace the part a acting upon the pin c as a centre. Tlie lower 



Fip?. M. 

part of tlu^ dhi grain shows how tins lateral strain may bo mot; the 
end of pie(!t‘S, as being provided with a projecting angular part, g, 
which goes into a cjorrespondingly-shaped recess or part cait out, as 
at /. Or the end may bo foiined as at ij k ; the recessed part as at 



Fia, 15. 

Other Formi of Longtheniag Joint -The Dovetail Joint The Tongne and 
Oroove, or flonghed Joint -The Flonghed or Grooved with Feather Joint. 

Fig. If) ilhistiiiites another joint of the same class as last describecl, 
in which the pimen Joined with a half-lap joint, as in fig. 12, have 
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parts, as c in plan. Eig. 16 is a modification of tlxis. Other forms 



of joints in this class are shown in figs. 17, 18, 19, and 20. Mg. 18 
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same as used in joining boai’ds edge to edge. Fig. 19 is a double 




Eig. 19. 

tongue and groove joint, and fig. 20 illustrates an adaptation of the 



Fig, 20. 

*^dower' tiBod in masonry. The feather'' used, rectangular in 
wKstion, as g in fig. 2, is hero, in fig. 20, double dovetail. 
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Joints used in LeugtheniEg Pieces — Modification, of tlio Half-lap Joint. 
Fig. 21 illustrates a joint in this class which may bo looked upon 



as a modification of the half -lap joint in fig. 12, antc^ but in which 
the projecting part c of piece h h goes into the rccesfood part d in 



the piece a’ a! , aa,h 5, show the parts put together in side elevation. 
Fig. 22 is a modification of this with a sloping face or table c, and 



a projecting horizontal part d. Figs. 23 and 24 are more complicated 
forms already described in connection with figs. 5 and 7, of this class 
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of joint. Mg. 25 givoH in detail the joint which may como nndcr the 
present class ; the corrc^sponding accented letters show corresponding 
parts of joint. Those joints, especially figs. 23 and 24, come also, 




Mg. 21 . 


and perhaps mom imeurately, within the range of carpenter’s work 
for large beatns. 




Toagaed. Moaghed, or Oroovod Qairk Bead Joint. 

Fig. 25 Is a joint of the same class illnstrated in figs, 5 and 7. 
Tlie iiecent,ed lett^^rs iiidi<»ato the separate details to the right. The 
npper diagram to the left shows tlm two pieces in edge or side 
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elevation ; the lower diagram the front elevation of the pittces. In 
this only one side or face of the pieces is finished with a quirk bead, 
as at e. The other side is flat, save where the edges of the two 
pieces are splayed or bevelled — Le. have had the arrises taken off 
at the joint, as at h and c. This is referred to in connection with 
figs. 5 and 6. 



Fig. 26. 

Joints used in Joining Pieces Vertically to each other. 

We now come to those in which pieces are joined veiiically to one 
another, and those in which the pieces are at right angles to eadx 
other. Fig. 26 illustrates two pieces joined vertically by what may 




27. Fig. 28. 

be called the open mortise, but which is the tongue and groove joint 
already described. The groove is cut out in tho lowest piece, the 
tenon being cut on the end of the upper piece. Kgs. 27 and 28 
show the same joint, but for closed mortises — one single, as in fig. 27, 
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mil one double, m in fig. 2B. In both cases the tenons are dove- 
tailed, not plain as in fig 2fi. Fig. 2D illustrates a method of joining 
two pitKJtiH at riglit angles: in the upper diagram the horiisontal 
piece is joine^l to the sidii of a ve^'tical pu^io by a dovetail tenon; in 



Fig. 29. 

the lower diagram a v<rtical piocio is joined to a horizontal-lying piece 
by being simply let iniU> a groove cut in the lying piece of a width 
ecpial to the thickness of the vertical piece. In fig. 30 wo give a 



Fig. mi 

defedled dmwing of another inethcxl of making a Joint, where one 
piece, aa B b, i« vortical anotht*.rjn<K^o u a. In this the groove is 
not cut in the pifw a a of full thickness of tins piece b b; but only 
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of a certain part of tliis ; tlie end of & 5 being cut off so as to ^orna^ a 
shoulder as at A, allowing the part c to enter the groove e made in 
the piece d d. This shoulder in 5 5 allows of part of 5 6 butting 
solidly on a thus relieving the groove e from any lateral pressure 
exercised by the piece h 6. 




Vertical Joint with Mortise and Tenon. 

In the last form of joint illustrated the groove e is cut to a certain 
depth only, and across the full breadth of the piece a a ; the width 
of the piece h h being supposed to be equal to this breadth ; but in 
the joint in fig. 31 the width of the horizontal piece, as d' d!, is 
greater than the thickness of the piece h 6, which is to be jointed 
vertically to it, and which is to occupy the centre of the width d* d'. 
The joint is effected by mortise d and tenon h cut in the end of a. 
The mortise h’ and d is cut through the full thickness of piece d' d'^ 
so that the end of h may be wedged up from lower side of piece d' d'. 
The tenon h is not of the full width of a, but is cut so as to give a 
shoulder at both sides of the tenon 6, as shown. 
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Joints for joining Horizontal witE Vertical Pieces, 

Mg. 32 shows a method for joining a horizontal pio(iO a to a 
vertical piece h, both of which are of the same thicknesH, by a doyotuil 
tenon shown in side elevation at and a corresponding moriist^ h. 



Fig, 32. 


This is cut the full width across the face of vertical piece d d, ns 
shown *at e. In place of making the tenon as at A, in i % it may Ix) 
cut with shoulders, as atyy, on each side of the tenon I, corresponding 



Fig. 

undulations or hollow parts being cut out as at h m. Pfeces at 
right angles to each other, as in preceding figure, are met with in 
framework very frequently, the pieces being genomlly of the sfimo 
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thickness, and often, though not always, of the same breadth. Thus, 
in fig. 31, d and V are parts of pieces joining as at the corner of a 
framing. In cheap work, the joint may be made on the half-lap ” 
principle, illustrated in fig. 12 \ante) \ a part equal to the breadth of 
the piece in length being cut out at the end of each, as shown by 
the dotted line on piece a fig. 33 ; the thickness of the piece cut 
out of each end being, of course, equal to half the thickness of the 
piece ; and as the thickness of the two pieces is the same, the result 
is that when the two pieces are put together the surfaces will be 
flush on both faces. The two pieces will have to be secured together 
by nails or otherwise. But in a higher class of work the tenon 
and mortise joint,” as in fig. 26, may be used, as shown in fig. 33, in 
which a! d, to the right at top of diagram, shows the edge view or 
thickness of piece a a, having an open mortise V cut in the centre 
of its width and at the extreme end, the depth of which is equal to 



Fig. 33a. 


the breadth of piece 6 5 ; this is shown at e e with the renon d cut 
at the extremity, which is driven into mortise 5' in d d, end view 
dee being at c in a' a'. Or a double mortise and tenon joint may 
be used, the double tehon being as at f and g in end view, and h h 
in face view i i. For the joint thus made will be secure against any 
pressure acting in the direction of the vertical arrow 2, or horizontal 
one as shown in upper figure to the left; but pressures acting in 
directions opposite to those directions will tend to draw out the tenon 
from the mortise laterally or force it up vertically. To keep the 
whole in place, a wooden pin may be used, inserted into a circular 
hole cut through the piece a a> and the tenon d. In fig. 33 a we 
give another form of this class of joint, in which the horizontal piece 
h is secured to the vertical piece a by the grooved and tongued part 
at ■«. 
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A Modification of “Dovetail ” Joining, as at tlie Corners ot Two Pieces 
meeting at Eight Angles. 

In fig. 34 another form of joining pieces, as at the corner of a 
frame, is a modification of the principle of dovetailing, in whic;h the 
mortise and tenon, in place of being plain surfaced, as in the last 



Pig 34. 


figure, are dovetailed. The mortise cut in the piece a a is cut across 
the end, and is open to this, as shown in end view at d e/g m h; 
the depth being equal to the breadth of piece b. The end of piece 
b is cut out with a tenon as at i and and when the two pieces 
are placed together by inserting the tenon i in the mortisfi d c f g, 



on looking at the edge view at a', of piece a in the direcdaon of the 
arrow 1 'to the left of the upper figure; the end of tenon i is seen 
at 1/ ki cross hatching. Looked at in the direction of arrow ihe 
whole presents the appearance as at A' h\ i' and y, those being ihe 
same parts as those correspondingly lettered without the twctent* 
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Pressurec? tending to separate the pieces are prevented by the form 
of the joint here employed, excepting in the direction of the arrow 
2 ; and to meet this pressure or separating strain, a pin sls at c, or in 
edge view at i, is passed through the two pieces from side to side, 
and finished off flush with both surfaces, not allowed to project, as 



Fig. 36. 

shown in the diagram at I When the dovetail principle of joint 
is applied to work, as to small boxes, or in a very complete way in 
larger work, the double dovetail is employed, as illustrated in fig. 35. 
In this form of joint it will be perceived that strains tending to 



separate the two parts d and h are met in both directions by the 
angular form being given on both sides. 

The “ Mitre ” Joint. 

Pieces as in framework are joined at right angles by what is 





53J1 


called the “mitre joint. In the illustraiionH already given, the end 
of each piece la cut off at right angles to the length, Jhit in the 
“ mitre ” joint each end is cut off at an angle of 45^ to the length, 
as in d d' of the piece d d, or h' b', fig. 36. When pieces thus cut 



Fig 38. 

are joined face to face, as d d of d d to d dJ of V b\ they are exactly 
at right angles to each other, or square, as at a a i.o h h, c.nd^ the 
joint c c? is termed a “ mitre '' joint. A side view of piece/;' // is at 



$ e. The pieces when placed in position must bo glued or otherwise* 
secured. A mitre Joint sometimes tised is illustiiiiod in fig. 37, in 
which a shoulder, as at c, is cut in the piece a giving the end of 
the form as at d d d\ 
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The end of the piece a h, iifi;. to he joined, m mt with a 
mitre- — that is, the face, as <? /, is at an angle of 45* with the 
line of the length of the piece, A modification of this, bnt more 
complete, is shown in %. 38, in which a double shouhler in given — 
a shoulder being cut, as at c, in piece a a, shown separately, a 



Eig. 40, 

corresponding part being cut out in piece b h, m at d ; h' c' is end 
view of h h. Another modification is shown in fig, 3il, which is a 
combination of the square and the mitre joint, the part from 5 
to c only being mitred,’* a square-faced shoulder or return joint 
being formed at c d e» The lower drawing in the diagram gives 
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joiuing at rig^it angles on the ‘‘mitre ” principle, and which are by 
the form of joint employed secured from being separated by lateral 
strains. In fig. 40 the faces of each “ mitre,” as of piece a' a! and 
piece h Zi, has a part or “slot” or “chase” cut out, as shown at d d. 
When the pieces are placed together, as at a a, 6 h, those form an 



opening, as c ; into which a “ key ” piece, or “ dowel,” exactly equal 
in length to the thickness oi a a, h 5, is driven in tight up, thus 
holding the two together. An inside view looking edgeways of the 
piece Z> is shown at rZ e / y, being the face of the “ mitre,” d being 
the part cut out. In fig. 41 the vertical piece a is joined to the 



Fig-, 43. 

horizontal piece by a joint, of which hfc projects, and the part cut 
out at d d d\ as shown in the diagium to the left ; the horizontal 
piece having oon'esponding indentations, as ¥' d\ and projection 
cZ't Fig. 42 is a more simple form of the same kind of jointj, 
wrresponding letters accented showing corresponding parts. 



^14 Tin« JOTNKU. 

Otker Forms of Joints for Pieces cut at Eiglit Angles to eacK other,— 
Oblique Joints. 

In figs. 43 and 44 we show forms of joints wlioro the iu(K‘(^s are 
not at right angles to each other, hut form an angular part or 




corner, as at e. The ends h b (fig. 43) of the two ^ a a and c o 
are cut or squared off at the desired angle, transverse grooves being 
cut in the faces and centres of the joints, into which a dowel or 
feather d d is driven, being squared off at the ends in order to be 


fiush with both faces or surfaces of the pieces a a and o; the diagram 
to the right shows elevation of face of one of the pieces, as a a. 
Fig. 44 is another joint of the Mnd on the same principle as in 
figs. 43, 41 and 42. ^ ^ 
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I^oms of Hitre JoiEts ToEgued aud Grooved, 

In figs. 45 and 46 wo illustrate a fom of mitre” joint with 
mortise and tenon, or tongue and groove, frequently used in joining 
pieces at right a,ngles to (‘ach other. The ends of the two pitnes are 
first mitred ” or cut oil* at an angle of 45^ to their length, as at 



Fig. 46- 


a 7;, 6 i, Btxt the one piece, as ef, is not cut fltish or across the 
full face, but a paH, as y h i, is left in the centre of the thickness of 
face, forming a^ tenon or tongue- A mortise or groove, ais q /q iig. 46, 
is cut in the mitred facc^ a h of other ]Ji(^ce, to I'eccnvo tli<‘ tenon g h % 
and in position, as at h o cZ, cori’csponding. d g h is end view of 
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part j h if. In fig* 46 the faco ahol ilio ond picM^c a a m '^mitrod”; 
and the face c d of the piece e mitred also, but the tenon or tongue/ 
in this case extends the full length of the face of e., not cnit short, 
as at g h in fig. 45 ; a' V is the elevation of the hujo a b, with mortise 
g cutting in c' is plan of lower edge of pii?ce g* laang tlie tenon 
or tongue. The positions miglit he reversed, the tenon Ixung ctit on 
piece a a, as at h j L The lower diagram to the left shows the facHj 
of a a as provided with three mortises; tenons are cut on tlu^ end of 
the other piece. 

In fig. 47 we give a modification of the form of joint illustrated 
in fig. 46, where one piece, as a horizontal one, A A, joins anothcsr, as 
a vertical, a <z, and that not in the centre of its edge or thicknciSH, 
but at one side, so that the surfaces of the two pieces are flush, while 
there is a projecting part behind, as shown in side view of a a, at 
The horizontal part may be simply lot in by a mitre 
joint, and secured by a pin in the centre of the cut-out part hod 
at e e. The work will be more secure if a tenon or tongue, as at g g, 
be cut in the end of the piece A A — this taking into a mortise) or 
groove, as m w, cut in the mitre joint I n. The edge view of g g A A, 
looked at in the direction of arrow 3, is shown at g' g' h' h' ; llm 
m n n being a side view of a a, looked at in the direction of the 
arrow 1. If the part cut out od on a piece a a — e<lge view 
immediately below — had a tongue or tenon in its centre, as the 
horizontal part joining it in elevation to the immediate right of a a 
at top, would have a mortise or groove cut out in it, as shown at 
ff which is the plan of top or upper edge of horizontal piece, as 
looked down upon in the direction of the arrow 2. The diagmm 
marked kh i i jj is a cross section of tlie piece a a on the line h c, 
when the joint is made with a tenon or tongue, as at <; on the 
horizontal piece. In those three last illustrated forms of joints the 
tenon or tongue, in place of being formed out of the j?olid, may in 
some cases be more easily iotmed by cutting or squaring off the 
mitre or angular face right across, and then cutting in its proper 
position a groove a little less in width than the thickness of tim 
tenon or tongue, then driving this cut to its proper dimensions into 
the groove, leaving as much projecting from the mitre faco as gives 
the required length of the tenon. 

Joints finished off with Beads. — Quirked Beads, 

The corners of pieces joined in the manner illustrated as in figs. 41 
and 43 (ante), are sometimes finished off as “ beads, of the cIms 
known as quirked beads.” Mg. 48 illustrates a methotl of joining 
two pieces at right angles, with a double quirked bead b at the end 
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of ono of the pieces, as d d. The bead proper is the rounded part 
at h forming part of a circle in section ; the quirk is the recess or 
part <J, ono side of which is formed by the square end of the piece 
d il. The bead h is formed at its upper side with a projection 2, 



shown at 2'^ in the lower diagram to the right ; this projection is 

carried down so m to form an indentation, as at 1 , into winch the 
i)ai't 1'— oorraHoondinp to 1 in lower diagram to the left— passes or 
Ls inserted. When the two pieces are joined together, as in the upper 
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diagram, tlie upper ‘‘quirk” correnpoiuling to c in formed by tlio 
square end of the piece a a. In iig. 49 both pieces have beads at 
their ends, as at 5 and ; but tlioso are single <pnrks, as at. c aiul J\ 
The junction is effected by a shouldered temon a ptussing into a 
corresponding mortise in c c, as at a' mui 

Joints for Angles other than Eight Angles.— Beaded. 

In fig. 50 we illustrate pieces joined at angles other than at right 





Eig. 48. 



Fig. 41). 


angles, provided at the meeting point or corner with a ‘‘ bead ” 
finishing ; in this case a double quirked bead, the two quirks being 
at 4 and 5, the bead proper being at h. The lower diagrams show 
the method of cutting the ends of the two pieces, corresponding 
letters accented showing corresponding parts in upper diagram. In 
fig. 51 we illustrate another joint of this kind, in which the circular 
bead I has curved quirks 4 and 5, the ends of the two pierces being 
curved in place of being loft square. The upper and lower diagrams 
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bIiow the piccoB a a and c c Boparately, the corresponding letters 
a(‘ceiited showing the coiTOsponding parts in the middle or complete 
diagram. 



Joints for Pieces Circular or Round in Section. 

In figH. 52 and 63 wo illustrate methods of joining round pieces 



Rig. 51, 

of wootl together. Tn fig. 62 the one piece at a 6 has simply a part 
cut out of fin anguhir form, as at h i j, in vorticfil section at one 
side ; the end of the other piece o d,fem cut to the mme angle and 
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with the same length of face as h ij and inHorted. The two aro kemt 
together by glue, or are imiled The lower diagram gives an inHide 
view or plan view of the part c a /exit out in a Ik 
In preceding chapter wo gavci in llg* 52, p. 01, one meth<Hl. In 
fig. 53 a more secure method than that sliown in fig. 52 of joining 
two round or cylindrical pieces is illustratiKl In this the angular 
part a h c— side view— is not cut out right mu’osH the pi(«e, but only 
to a certain depth on efich side, lejiving a eerxtral diaphragm, ttuion, 
or tongue d in the centre of the angular cut. The end of tlm other 
piece, I, is cut to the same angle as a bf h o, at ij, i k, but is provided 
with a groove or open mortise, i, into which pasHOH the tongue or 
tenon d. The central diagram at top, h <j, is a croas section of piece 
to the left on the line 1 2 ; the lower diagram to left shows a front 



elevation or side of piece abed when looked at in the direction of 
the arrow 2 ; d' being tenon or tongue d, the line b 2 being that in 
which the two sides ah,b c meet at point 5. In another modifiaition 
of this joint, the angular piece is cut out as before, as at a &, h c, 
upper diagram to the left, but a square mortise is cut out at the 
back to the depth and position shown at dotted lines a n, o m. This 
mortise is shown at w in the lower diagram to the left, and as seen 
when looked at in the direction of arrow 2. In this case the end of 
the other piece is cut off at each side to the same angle, as shown 
kut a tenon or tongue is left in the centre of which the 
outer edge is at m' W, n/ being equal to tlie diameter of the 
rounded piece. This tenon or tongue is shown in plan m seen when 
looking down upon side o m' in the direction of the arrow 1 at the 
diagram to the left at r, d and p' being the sloping sides of aiigula 
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HlK)wl<l6r or butiing faces. The end views of those two last described 
diagrams, sm mm when looking in the direction of the arrow 2, are 
at V V and at y x x, 

tenoral Work of the Jfoiaer — Panel “Work. 

Before proceeding to that important part of the work of the joiner 



—the framing of doora and windows — wo shall take up and illustrate 
various forms of jointB and of framing work which have a^ more or 
leas dircH’ji eonnTOtion with tlioso essential parts of the fittings of a 
house. These preliminary illustrations cannot always or easily be 
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OTOtiped tinder disiiuci diviHionn; Ktill a geiic'rid claMMifKnilion, ti, sinful 
for moBt purposes of reforonco, may bo aiiompiecl. Ilu^ llrnt wo 
shall take up will embrace ^^onoral panel work# ^njinitLs umy be 
defined as parts marked ofi* by some peculiarity of position and 
formation, as distinct from tbo general body of a framing* or frame- 
work, or a boarded surface. TTsually the ''paneF^ m placed in whikmi 
to the general surface of the framing by which it is surroumled, so 
that its surface is sunk, so to say, below the surface of the frame ; 
in some cases, as we shall see, the panel is nwsc<l above the> surface 
of tte stirronndiiag framowovk. Whori. tlusro aro Hovoral pam-lH in 
a piece of work, as ia a door, they aro UHiially plncod Kymmotrically 
in relation to the framing, generally in pairs alongsuhs of «»ach otlxir, 
and there may be two or three sots of those pairs in tlio friiniing. 
In other work they may ho ranged in lino at tho same height, and 
at certain distances from each other. Panels arcs nsesd in a wide 
variety of work, such as in doors, window shutters, stnireasos, and in 
the decoration of walls or parts of walls. (Illustrations of paiud 
work under those heads hereafter.) This panel work will bo fonnd 
illustrated in figures 1 to 7, Plato XXIX., and in Plafcs XXX. and 
XXXI., Joinery. 

Square Panel. 

In fig. 2, Plato XXIX., Joinery, we illuKirato a square'^ pamd'— 
to I" = 1 ft. scale — in cross section at top on tho lino 1 2 in tho tdeva- 
tion below. In this a, a, aro the styles ” or side bars of tho framing 
which are shown in elevation at cc, with cross-bar called a ‘h’ail/' 
d d — in lower diagram elevation — tho framing enclosing tho panel 
bb, which is let into tho styles a a in tho centre of their thicknesH ; 
thus leaving square recessed parts in each side : honco the name 
square panel.'' Tho diagram to tho left of lower drawing is a 
vertical section on lino 3 4 showing the cross-bar d', corresponding 
to d d, c' d style, d d panel. 

A Flush Panel. 

In fig. 1, Plate XXIX., we illustrate a “ flush panor'— so called 
because one surface or side of the panel cc, in cross section at top on 
line 1 2, in drawing at bottom (scale same as fig. 2, Plato XXIX.), 
is flush with the surfaces of the styles a, b. In tho front elevation, 
ddj ee, styles,” gg top rail," is the framing enclosing tho ** panel ” 
//. The diagram to tho left is a vortical section on lino 3 4, showing 
panel h A, style i % top rail ” g g. 

Raised aud Moulded Panel. 

Panels of the ordinary kind or cheap class are pcmfocily flat in 
surface, as at 5Hn fig. 2, or cc, fig, 1, Plat© XXIX. But In tho 
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hoi'i.cT claBB of work llio panelled surfaces are ornamented by raised 
parts and by motilclings. In %. 2, Plate XXTX., wo illuhtrat© in 
tlie upper drawing a cross section of a raised and moulded’' panel, 
the raised part being from 6 5 to point 4 in centre, in larger scale at 
gh] tlie flat part, as at / or cc, is called the “ margin,” and it is 
S(!pai’ated from the ‘‘ raised ” part of tho panel by a moulding ” at 
c. The pantd is lot into the stylos dJ, d. The second diagram 
roproscuits anotlior form of “ raised ” panel, with ‘‘ margin,” but no 
moulding. In this tho part a 6 is raised above the “ margin” cc, as 
shown at i being tho margin and body of panel. The lower 
diagram below to the loft is elevation of the moulded and raised 
l)i\mlfehg, in section above, and elevation of ij. 

Moulded Stylos enclosing Panels — Bead Plush. 

Tho stylos arc sometimes ornamented with a “ moulding ” worked 
on tho side or edge nearest to and extending in length from top to 
bottom of the panel. This is shown in £g. 4, Plate XXIX., in which 
a a is a square paiud lot at h into the style c, the edge of which is 
shown moulded as in front elevation at d. This is more completely 
shown in fig, 5, PIatf‘ XXIX., in which tlio upper drawing is a cross 
section of stylo b h and panolcc, « a showing the “moulding” worked 
on the innc'r inlgi^ a a, of stylo. Th<% part elevation is shown in lower 
diagram, dd being tho stylo motildod in margin, ee the “flush” 
panel. This arrangement is technically termed a “ bead flxtsh ” panel. 

Bead Butt Panel, 

In the arrangement called “bead butt” the moulding is worked 
tipon tho “ panel,” not ixpon the “ style ” as in hg. 5, Plate XXIX. 
This is illusiratod in fig. 7, Plate XXIX., in which a a shows the 
“ stylo ” with gi’oove S, into which part of the “ margin ” of tho panel 
(boo fig. 3, Plato XXIX., at / f) which forms the tongue is inserted; 
6 e shows the moulding worked upon the panel d. The lower drawing 
in fig, 7 gives elevation, showing the mouldings of cross section 
marked 1, 2, 3, in front elevation. In this ff is tho cross-bar 
or “ rail,” g g part of the “ style ” of framing which encloses tho panel, 
in the arrangom(»nt8 illustrated in figs. 5 and 7, Plate XX EX., 
“ bead flush ” and “ bead bxitt,” it will bo soon that in the finished 
work tho pamd shows as oruamentod or “ margined ” with the moixld- 
ing at the side only, in tho “bead butt” arrangement, in fig, 7, 
I date XXIX., while f/he moulding can bo worked along tho length, 
or in the dircHition of tho grain of the wood of the panel, it cotild not 
be worked across tho breadth or against the grain (sef‘. “ Grain ” in 
“Tho Oyedopirdio Dictionary of Technical and Trade Terms ") of the 
wood. Tho irioulding at tho two sides of the panel — ^one of which 
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only is shown in lower diagram in fig. 7, Plate XXIX. — ^stops short 
therefore at the point where the panel joins the cross-bar or rail//. 
Again, the same peculiarity is shown in the panel work known as 
“head flush,” illustrated in fig. 5, Plate XXIX., in which the moulding, 
as a a, is worked on the margin of the “ style ” h h, Por although 
the moulding might he worked on the lower edge of the rail, as// in 
fig. 7, Plate XXIX., the grain of the wood running rightly in the 
direction of the length of rail, the young joiner will perceive that the 
moulding on the inner margin of the “ style,” and that on the lower 
margin of the “ rad,” would not meet properly — that is, could not he 
made to “mitre,” so that there would be a break at the corner where 



Fig 64. 

the vertical moulding or margin of style and horizontal moulding or 
margin of rail approached each other. 

“Stuck-on” Mouldings in Panel Work. 

Where, therefore, a panel is to he surrounded on all sides with 
mouldings, at top and bottom as well as at both sides, the arrange- 
ment known as “ stuck-on mouldings” with “ square flush panel ” is 
adimted. 

The arrangement known as “stuck-on mouldings” and “flush 
panel” is illustrated in fig. 6, Plate XXIX., the upper diagrams to the 
left showing in section and in front elevation in the lower drawing 
the stuck-on raouldings for a “flush panel” (see fig. 1, Plate XXIX.), 
and the opposite drawings to the right in same relative positions the 
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stuck - on mouldings for a 
square panel'' — that is, with 
sunk or recessed faces (see 
hg. 2, Plate XXIX.). In both 
cases in fig. 6 the moulding 
is worked in separate pieces, 
and cut to the requisite lengths 
to reach from end to end and 
from side to side of panel; 
the four pieces — two sides, and 
one top and one bottom piece 
— mitring" at the corners, 
as shown in the lower diagrams 
at h and L Whore a flush 
panel " is employed, as at 5 6 
in upper diagram to the loft, 
a a being the style, the inner 
surface of which is fiush with 
inner surface of panel h h, the 
moulding c c is stuck on " so 
as to cover part of the s^irfaces 
of both style and panel, as 
shown. Where a square 
panel " is used, as d d, to the 
right, with a recessed or sunk 
surface below surface of style 
e 6, the moulding is stuck 
on,"^ or secured to the panel 
only; the top and side mould- 
ings ^'mitring" at the corners, 
as shown at i] jj is part of 
the ‘‘style," i i of the “top 
rail." 

Chamfered Styles with Square 
Panels not Moulded. 

When “ square " panels are 
used, and the work generally 
plain or cheaj) in style, no 
mouldings are given either to 
the styles or panels, as in the 
arrangements illustrated in 
figs. 3 to 7 inclusive, in Plate 
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Eig. 65. 
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XXIX., but some degree of ornamentation, is secured by chamfering the 

margins of the “ styles ” and tho 



“ rails at sides and at tho top 
and bottom of the panel, as shown 
in hg. 54. In this a a in tho 
diagram to the left is the 
style” of a door, h h the ^4och 
rail ” ; the other side of this out- 
side the room being shown at 
a' a’ y y. When we come to 
the subject of doors, their different 
forms, details of construction and 
fittings, we shall again refer to 
this diagram, giving it meanwhile 
simply to show the mode of orna- 
menting the panelled part, with 
cutting the corners or margins 
nearest the panels of the styles, 
as a a, and rails” as h h, as 
. shown by the shaded parts. 

o 

^ Flat Chamfers— Stop Chamfers— Cham- 
fered Work — ^Varieties of Chamfers. 

This will be an appi*opriato 
place to illustrate the kinds of 
chamfers,” and also some points 
connected with panel work not 
yet noticed. In fig. 55 wo illus- 
trate at a <x 5 5 in elevation what 
is called a ‘‘plain chamfer.” This 
is simply taking off tho “ arrises” 
or corners at one of the faces a a, 
as at h h, shown at h h on inner 
corners of piece a' a! , When the 
other face, as c is left square, 
the chamfer is called a single 
plain chamfer. When both faces 
arc chamfered, or all the corners, 
as at y f g' are cut off in 
elevation at efg the chamfer 
is called a douWe, or double-faced 


plain chamfer. In the plain chamfer the bevelling is done along 
the whole' length of piece, stopping only at the ends, me f g h 


THE jrOIHER. 


What is called a stop chamfer ” 
is that in which the bevel or taking 
off of the coimer or arris does not 
extend along the whole length of 
the piece, as in preceding diagram, 
but stops short near one end, or 
near both ends, as at ij h I in hg. 
55 ; cross section as on lino 1 2 
looking in the direction of the 
arrow 5, as at m no-, o' shows 
the shoulder or end at n formed 
by cutting off the chamfer square 
at the ends ; at any part between 
h and I the corner or chamfer 
shows as at %, Tn place of cutting 
off the end of the chamfer square 
as at J or Z, giving a flat shoulder 
as at n and o', the chamfer is run 
up to meet the edge, as at j?, by 
a curve, as at r. This curve may 
be shai'p, like the quadrantal curve 
as at 5 Z w ; or flatter, as at v ^o, 



Work contiaued.-- 
Ckamfers. 


-Curved 


In place of the face of the chamfe 
or bevel being flat, as shown in 
section at a h, hg. 56, it may be 
curved, as at ode, front or side 
elevation of which is at f\ g shows 
another section of a chamfer face, 
more easily made when the chamfer 
is a plain, not a stop chamfer; h 
is side view of g. The front view 
of a stop chamfer, whore it ter- 
minates near the end of the piece, 
is shown at % j h I m. A piece 
may be stop-chamfered with cham- 
fers of two different sections, as 
0 p oi section as at o', and smaller 
stop chamfer q r section at r'. It 
may be as well here to give illus- 
trations of a rail, such as that of 
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a ataircasa or a railing eiieloaing ilio well hole of a staircase at side 
of landing* In fig. 07 we give a.t a c elevation of rail sqwire at 
C'ikIm, at base or Icmco* part </, at t<H) or nppor end at J] and in tbo 
cent-ro h; tlio heights Ix^ng, e to d, G inches, d to c, 11 inches, a to 
6, 11 inclu*H, and b to a, 4 inches. The stop chamfers ar(^ at each 
coriua*, ij, k k being two contiguoixs ones, ^.riieso aro cut deep, so 
as to leave but very narrow parts or fa(»(jH, as at q and r, botwt'cn 
iho two (dmmfeT‘H, the faces of the chamfers being flat, as at p q, or 
they may bo curvcKi as at r (scjction) ; the chamfers, as $ may bo 
cut so deep that they meet at a sharp or knife edge, as at $ and t on 
the lino % shown in cross sectioxi at u, 

Differeat Forms of Panels. 

Wo conclude this part of our paper by giving some illustrations 
of panels. In fig. 1, Plato XXIX,, we give a flush” panel for a front 
or entrance door, in which in front elevation a, 6, are the two rails, 
dclj ee, the stylos, cc, gg, the panel with stuck-on mouldings all 
round and mitring at corners ; g 7^ is a vertical section in line 3 4. 
In this the recess between the style and panel is one side only. 
Whore there are recesses on both sides of the panel h h, fig. 2, 
Plato XXJX,, and the styles a a, the panel is known as a square ” 
panel. In this figure the lower diagram is front elevation, that on 
the loft is a section on line 3 4. In fig. 3, Plate XXIX., we illustrate 
different forms of panels. In the upper diagram, a a, the styles, 
carry one “square panel,” which is not Hat, as in fig. 2, on the 
inner side, bixt tapers to the centre, which is thickest to the sides, 
whore it may bo either square, as at the right hand, or finished with 
a moulding, as on the left. 

Kesuming our description of the drawing named in preceding 
paragraphs, the second diagram shows a “ hush panel,” with styles 
d df the panel having a raised position in the centre, as shown at a h, 
with flat spaces, as at c o, all round. The lower diagram to the right 
is an enlarged view in section and elevation of the part of the panel 
of upper diagram to the right. The lower diagram to the left is an 
enlarged view of the left-hand side of the panel, whicli is technically 
called a “ raised panel.” Figs. 5 and 6, Plate XXX., are other views 
of raised panels ; and diagram b in next figure, 58, shows a form of 
panel in the Gothic. Other forms are illustrated in figs. 1, 2, 3, 4, 
and 6 in Plate XXX. In fig. 3, Plate XXIX., the fiat part of the panel 
surrounding the raised cetitral part is called the “ margin ” (see also 
fig, 5, Plate XXX,, at 6). The panel, as in fig. 3, Plate XXIX,, is 
called a “ moulded raised panel ” when there is a moulding at the 
margin, mfek There are other distinctions in panel work yet to be 



THE JOIHER. 


229 


noticed. In “iliisli panels/' as in fig. 1, Plate XXIX., tlao ^‘moulding" 
or “bead ” is worked only on the two sides (vertical) of the panel, as at 
ddy fig. 5, Plate XXIX., and these terminate at the rails, as //, no 
moulding being at the ends of the panel. This is called “ bead butt" 
panel. When the panel has mouldings all round — that is, at top 
and bottom as well as at the sides — the mouldings meet at the 
corners, and are mitred, as shown in the lower part of the diagram 



Fig. 68. 

in fig. 6, Plato XXIX. ; this is known as a “ bead flush ” panel. In 
panel work where a moulding is worked exit of the solid, as at h in 
iig. 4, or at a a in fig. 5 of the style, as cc or hh, the term “ stuck 
on '' (a corruption of “ struck on," which is the true team) is applied. 
This is only applicable to “ bead and butt " panel woxk vertically, as 
the mouldings wotdd not mitre if struck horizontally on the rails. 
When the mouldings are made separately and nailed on to the styles 
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j j, and rails i fig. 6, Plate XXIX., they are called ^^laid on mould- 
ings. They may be nailed on either to the stylos and rails or to the 
panels in ‘‘ flush ” work, or all round the panels in square ’’ panels. 
In fig. 58, in diagram A, wo give a panel at upper part of door, in 
which the upper rail a a is curved at top, hhh the styles, separated in 



the centre by a moulding a a' ; d the upper panel, with stuck-on 
mouldings c e e. Diagram B is front elevation of lower panel. In 
fig. 6, Plate XXX., we give a section of middle style and panel ; the 
middle style h h being provided down the centre with a stuck-on 
moulding, as at h a, corresponding to the vertical moulding a/ al in 
fig. 59. A moulding as at o c is worked in the margin of the style, 




THE JOINEE. 


231 


corresponding to cc in fig. 58. e shows the moulding in section stuck 
on the square panel / r/, the margin / being in this way wide. In 
lig. 59, and in figs. 1, 2, 4r, and 6, Plate XXX., we give illustrations 
ol panel work, and in tig. 3, same plate, section and elevation of 
mouldings for a panel. 

Joiner’s Work m the Construction of Boors — BiiTerent Kinfls of Doors. 

We now come to iliusiiute tlic difieront louii.n (d* d<>ors, and 
various d^tads ot their construction. Ooors ai‘e eiiher external or 



Elg. 60 . 

internal, and both may be constructed much in iho same way. The 
chief ditferenco lietween tliom, if dilTerenco may be made al all, is 
that external doors are heavier in their timbei*s — ■that is, thicker and 
broader —and are not (fuite so much ornamented with mouldings, or 
so liighly and carefully finished, as interna.] or private room doors. 
Boors are of different classes, lieginning wii.h tliose adapted cither 
for houses of a simple character, or for out-buildings, etc., where 
economy is (iarefully studied, and going up to the more elaborate 
forms, used in houses of the higher class. 
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The “Iiedged’’ Door. 

The simplest form of doors is shown in part elevation a, fig. 60, 
in plan at B, looking down in direction of arrow 1, in c side elevation 
or edge view looking in direction of arrow 2. '^his form is what is 
called a ^4edged door.’^ In elevation in dia-gram A, ihe lower part is 
a a, next to floor or ground line 6 6. The door is made up of flat 
planks, aa odd; running vertically from foot or floor or ground line 
5 6 up to head. These are either laid as in plan B in the cheapest 



Fig. 61 


class of work, edge to edge, and held together by cross-pieces or bars 
e e. In better work, these and the vertical parts d d are secured by 
joints of different kinds (see preceding paragraphs on joints used in 
joinery). In the section o the cross-bars e are simply laid flat and 
nailed^ to the upright planks d d. The edges of the cross-bars d d 
may either be left square, or have the lines or corners planed off or 
“ chamfered ” or bevelled off (see succeeding paragraph), as at /jC 
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Ledged and Braced, and Ledged, Braced, and Framed Boor. 

Fig. 61 is an elevation in diagram a of a ledged and braced ” 
dooi?. To tbe vertical and cross bars of the simple form in fig. 60, 
the diagonal braces a a €c a, corresponding to the struts of a. inof 
truss, are introduced ; those butt against the cross-bars or lodges '' 



h h h 5, while bchiml are the verticjil boards c c c c. Diagram B is 
side elcvai/ion or edge view, and c veriiciil section. A still highei 
class of door is the framed, braced, and ledged ” door in fig. 62 : 
here, as in elevation in diagium a, wo have an outer frame of 



m 


fHJBJ JOTNEK* 


vertical pieces, lield together and secured by the crowH-bai*s J, c, d, 
the ends of these being tenoned into the styles a a. The central 
spaces are filled with braces e e, and the vertical boards ff. Diagram 
B IS vertical section on line 2, and o is edge view, showing ends of 
tenons of crossbars 5, D is plan of top edge, looking down ; E is 
cross or horizontal section on line 3 4 in A. 

Panelled Doors— Names and Offices of Different Parts— Styles — 

Rails— Mortises. 

The transition from this form of door to the highest class, the 
panelled door,” is easy and natural. We have seen in the simplest 
door, as in fig. 62, the absence of the tiiangular disposition of 
timbers, which is the element of the “ truss,” and which gives the 
strongest form attainable. In this view the panelled door, as in 
elevation in a, fig. 63, is not so strong as the form in fig. 62, from 
the absence of the diagonal braces, os e e; but those, if required in a 
door such as an external one, where strength is an object, can be 
dispensed with in interior doors, which are always panelled in good 
houses. Elegance or neatness of arrangement, with such ornamenta- 
tion as mouldings, etc., can give, are what are looked for. In fig. 63 
the external framework enclosing the panels is made up of two side 
vertical boards, a a, b h, varying in thickness from to 2| inches, 
and in very superior work even 3 inches. These boards are called 
styles ” ; that by which the door is hung to the casing, secured by 
hinges, is called the “hanging style,” as a that to which the lock 
is secured the “lock style,” as b b. These styles aye held together by 
cross-bars called “ rails,” of which c is the “ bottom rail,” d the “ top 
rail,” and e the “ middle or lock rail.” The central vertical bars, as 
//, are called “muntins ” (a corruption of mountings). The assem- 
blage of boards thus arranged leaves spaces, as y, h, % and j ; these 
are filled up with the panels, as a, 5, c, and d, in fig. 64, which is the 
elevation of a/owr-panelled door. There are also six- panelled doors. 
Generally the panels are nearly equal in length, but in some the 
lower panels are short, the upper being longer. Fig. 2 and 4, Plate 
XXX., illustrate outside doors in Continental style. The panels arc 
secured to the framing by grooves, as shown in preceding figures, 
and as further hereafter illustrated, and are ornamented with mould- 
ings, as explained. In fig. 63, diagram c is the vertical section ; B 
edge view of style b b. In fig. 64, B is plan of top edge of door. The 
rails are secured to the styles by tenons, sometimes single, but more 
frequently in good work by double tenons, as in fig. 05, m which A 
is front elevation of rail, a a, b c, two tenons. Diagram B is part of 
style a cut vertically in two to show the seats of the mortises b and 
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c ] diagram c, end view of rail. In left-hand diagram in fig. 5, Plate 
XXX., is elevation of part of “ lock style,” a a, and lock rail/' 6, of 
a bedroom door, with simple lock, c, known as a ^'rim lock.” In 
diagram b, part of the hanging style,” a a, of this door is given in 
elevation, h part of '^top rail”; a portion of upper ^4iinge ” is sliown 
at c. Diagram c is edge view. The inner edges of styles, rails, and 
mortises are generally, in good work, stop-chamfered,” as at d d, or 



2 


bevelled ofiT from end to end, as at c/, i-h(‘ two edges met^ting in a 
mitre,” as shown. Tlio si-op-ehamfer,” d d, is tht% la^atest, stop- 
ping, as it docs, short of the end. A rim lock is seniwed on to the 
outside of the lock siyhs what is called a mortise lock” is employed 
in superior doors, whore the lock is to he concealed, nothing hut the 
handle and keyhole Ixdng visible; the lock being inserted in the 
mortise, or vacant part cut out in the stylo to receive it. Fig. 54 
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contrabts tlie’ two locks, c c? is tlie lim lock. In the mortise lock 
nothing but the handle, as g, is seen, and the escutcheon, h ; i is the 
bolt of the lock ; a ajh a' a', V V, are the chamfered stylos and rails. 

Door Casings. 

Doors are secimed to “casings.” These are of timber, and built 
into the wall, and are secured to wood bricks or grounds. Dig. 6G 
illustrates in pait elevation an outer “ door casing.” The sides h 6, 
c c, are called “ jambs,” // the “ head,” into which the jambs are 
tenoned, the feet being also tenoned, at d, into tlio upper part 
of stone step, a a. Dig. 1, Plate XXXI., is sectional plan showing 
arrangement and relative positions of various parts of a door and its 
causing. The door, 1 1, is hinged to the “jamb ” 5, this being secured 
to the “ ground ” or “ wood brick ” a a, built into the wall bb;c and j 
are the “architraves.” The opposite “jamb,”//, is rebated as at m, 
to allow of a space into which the door “ lock style falls, as shown 



by the dotted lines, which represent the lines of the door. The outer 
edge of jamb may be left plain, but is often finished off with a 
quirked bead,^ as atj; kk hinge. The inner and outer architraves 
are at o and j ; a a, the wood brick ; 6, the wall ; e, % are the eleva- 
tions of the architraves, d and k The elevations of these two parts 
of sectional plan of door fittings are given in the under part of the 
drawing in fig. 2, same Plate (XXXI.). The edge of the door a, as 
looking at it from the inner side, is shown p p, q q, being the 
ends of the tenons of top rail (see fig. 65) ; rr, the hinge ; nn, front 
view of architrave; oo, the wall, in the void of which the door is 
hung. In the under drawing to the right, part of front surface of 
door is shown ; s s, the architrave ; t the wall. 

Joints of Styles and Rails in Panelled Doors. 

^ In figs. 3 and 4, Plate XXXI., we give illustrations of methods of 
join ng rails and styles, or rails and mortises. Let abcdj fig. 3, be 
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the style, with moulding stuck on edge,* fghiB part of the rail, with 
tenon/, shown by dotted lines in style ahccL Front view of tenon 
and face of mitre of chamfer at p, looking d,t ah c din the direction 
of arrow 1, is shown in the lower diagram at k', p' and e!\ The 
section of part/^ looking at its end, in direction of arrow 2, is shown 
at I m n ; the section of a moulding is in this at d. In lower diagram 



Fig. 66. 


to the right is given a view of under side of rail/p. In fig. 4, Plate 
XXXI., aai^ front view of part of style with moulding worked on 
edge, at 5 6 ; part of rail is at c' c' d. The angular face of part cut 
out in style ef^ fg corresponds with angular end hij of rail, hut a 
tenon ^ ^ ^ is left on, or is inserted in end of piece c ' d d* The end 
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view of the style a a, looking at it in the direction opposite to that 
of the arrow 3, is shown in the middle diagram to the right with 
corresponding letters accented, showing corresponding parts. The 
line i!' corresponds to the line at point in rail d d d d. The plan 
of under side of rail d d d is shown in diagram immediately below Id, 
I' being edge view of tenon k 1. The finished joint is shown at o o, 
pp ; the diagram below to the left being cross section to the line 1 2. 
Enlarged elevation q, and section r of moulding h h, or 6" is given in 
the two diagrams to the right at bottom of drawing. Another 
method of forming the junction is shown in the middle dia,gra,m at 



Fig. 66. 


the foot of fig. 4, Plate XXXI., the shaded part showing form of 
tenon with the ends of moulding united. 


A Four-Panelled Door. 

In fig. 1, Plate XyXII., we give a drawing— to a scale of A, or 
1 j in. to the foot of a four-panelled interior or room door : showing 
all the leadmg parts of the framework, with the exception of top raiL 
which IS usually about half the breadth or depth of the middle or 
lock rad marked 6 6 m the drawing. The panels are not shown, 
but the_ dimensions of the spaces they occupy are given. The panels 
are plain square, the only ornamentation in this example being a 



THE JOJNEB. 


239 


“ stop chamfer worked on the margin of styles and rails, as shown 
at ^ ^ and h h. In the drawing a is the bottom rail,” h h the 
middle, or usually lock rail,” as it carries the mortice lock,” the 
handle of which is shown at j. The key hole” is covered by a 
movable part, hung or jointed at upper end, called the “ escutcheon,” 
or more frequently in technical talk the scutcheon” or ^^skutehoon,” 
shown at k. The stylos are at c c, e e, the style c c termed the lock 
style,” being that in which the lock is mortised. The style e « is 
called the “hanging style,” being that on which the door is “hinged” 
or “ hung ” to the door casing. The vertical pieces, or “ muntins,” 
which divide the panels from each other, placing them in pairs on 
each side of the door, are shown at d d. The door framnig thus 
constructed is surrounded on both sides and at top by the architraves 
///■ 

Architrave of a Eour-Pauelled Door. 

The section of architrave in relation to the door casing or cheek is 
shown in upper diagram to the loft in fig. 2, Plate XXXII. ; a a being 
part of the door casing ; b the section of architrave, of which part 
elevation is shown at cc, 1, 2, 3, and 4 showing similar parts in 
section correspondingly lettered. The edge view of the “ lock style,” 
as 6 e in fig. 1 preceding, is shown B,i dd; ee shows the brass plate 
let into the edge and secured by screw nails as shown. This is part 
of the lock furniture of the door, /indicating position and section of 
the shooting or locking bolt of the lock, which passes into the aperture 
of a brass plate secured to the inner side or edge of the door casing. 
The bolt, which secures the door, being closed — not locked—/ being 
the locking bolt, is shown at g, this being worked by the handle J 
(see fig. 1, Plate XXXII.), of the lock. The part of the lock furniture 
attached to the door-casing opposite to the edge, d d d, of the 
door style, is shown in the lower diagram to the right. The part 3 3 
in this corresponds to the face of the recessed or rebated part p ir 
drawing above, cut in the face of the door casing nnn; the door 
passing into and resting against the face of recess or rebate p. In 
the upper diagram to the right, ooo is the outer architrave secured 
to the door casing nnn, r part of the inner architrave. The part of 
the lock furniture secured to the door casing is shown at if ^ ; it is a 
brass plate lot into the face g, or 3 3 of recess or rebate p. The 
aperture in this into which the bolt f of the lock passes is shown at 
V ; that into which the bolt moved by the handle j passes, is at ; a 
spring w, cast on to the plate 1 1, being shown at w, A small pro- 
jecting part as w', to make the opening and closing of the door more 
easy. The two diagrams to the left at lower part or drawing show 
the elevation him, the chamfered part of framing with section at h’ ^ 
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line 1 2 in iig. 1, Plate XXXIIL Pig. 4, Plato XXXIII., is part 
vertical section at bottom of fig. 1, same Plate, the scale to which this is 
drawn being one inch and a half to the foot. In fig. 1 , Plate XXXIIX. , 
ddis floor lino, c “ skirting board,’' e' d wall space between this and 
‘‘windowsill”//, gg the architrave, surrounding the opening on 
three sides, hh the middle bar, or properly speaking the upper 
cross-bar of lower sash frame. The sheets or sashes are formed 
of bars tenoned into one another in one or other of various ways. 

In vertical section, fig. 4, Plato XXXIII., and in horizontal section 
in fig. 2, Plato XXXIV., the letteis of reference arc the same, and 
indicate the same parts ; the other parts, not seen in either one or 
the other, are as follows : beginning with fig. 2, Plato XXX EV., the 
sash weights, i % are inclosed in a species of box extending from top to 
bottom of window opening, of which box, so to call it, jj is the 
“ outside lining,” h h the back lining,” I the “ inside lining,” m m 
the “ pulley style,” o the “ parting slip,” and p the “ parting bead.” 
In the frame of the upper sash a a, fig, 1, Plate XXXI JI., of which 
a is the side bar, q, fig. 2, Plate XXXJ Y., is the pane of glass ; and 
in frame of lower sash, of which is the side bar, r is the pane. In 
fig. 4, Plate XXXIIl., the same letters of reference as in fig. 2, 
Plate XXXIV., indicate the same parts ; but 5 5 is the stone window 
sill, end t of which is outside, u u wall, v v “ reveal ” of window open- 
ing. Pig. 4, Plato XXXIV., is plan of top of lower sash hh] in 
elevation, fig. 1, Plate XXXIIL, a a is the top of upper bar of sash 
frame, h h side bars, c c the finger “ bowls,” or lifting hooks (finger 
“ rings ” are sometimes used), by which the sash is lifted. In fig, 4, 
Plate XXXIIl., X is position of window-blind rack and pulley, the 
window-blind roller studs being placed vertically above x. In fig. 2, 
Plate XXXIV., the cord to suspend the sash weight i is placed in 
a groove — a black dot — in the side bar h 5, as at y o. Pig. 5, Plato 
XXXIV. , is elevation to same scale as fig. 4, Plate XXXTII. is 
drawn — in. = 1 ft. — of the lower corner in fig. 1, Plate XXXIIl, 

In fig. 5, Plate XXXIV., is given part elevation of the inner view 
of window in fig. 1, Plate XXXIIl., of which fig. 4, same Plate, is 
a vertical section, OoiTesponding parts are correspondingly lettered. 
The scale for both figures is the same, Plate XXXIIl., diagram c, 
being part of front elevation, and diagram n side elevation of same ; 
in diagram b, 5 6 is the glass. In fig. 1, Plato XXXTV., a method 
of securing skirting-board, g e, is shown ; this is tenoned into floor 
joist at and the skirting-board is secured to “wood grounds” 
or wood bricks at al a\ d being the plaster, the lower edge of which 
passes into a groove, not shown in the drawing, in the upper edge 
of ground, ^ ^ 
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French or Casement Window. 

In fig. 1, Plate XXXY., we give part horizontal section in centre 
of a casement or French window, the two “lights” or halves of which 
are hung vertically, opening right and left like the two halves of a 
folding or double door, and in fig. 3, diagram B, Plate XXXIV., 
a part vertical section, taken on the line 1 2, fig. 1, Plate XXXY.^ 
The vertical side bars of this casement window are seen at oj 5 in fig. 1 , 
Plate XXXV., and are rebated, as at c,to make a water-tight joint from 
top to bottom of window. To prevent the water from being blown 
into the horizontal joint, where the bar % fig. 3, Plate XXXIV., is 
over the sill A7i, a “ weather board,” c?, is fixed to the sash, this being 
throated at the lower side — ^that is, grooved horizontally from end to 
end to prevent the drip from passing from foot of board to the joint 
between the sash bars. The weather board is also weathered at 
\ipper surface, giving an inclined surface for the rain to slide off, the 
throating under preventing this from creeping in behind the board, 
as it cannot cross the groove. This weather board is secured in 
two halves to the bottom bars and sides of the sheets. To cover 
internally the vertical joint when the window is closed, the moulded 
bar 6, fig. 1, Plate XXXV., is secured to one of the vertical bars or 
styles, as a\ the panes of glass are at//, and g g the window 
sill in the interior of the room. The parts below this are similar 
to the arrangement in fig. 1, Plate XXXV. Still further to secure a 
water-tight joint at bottom of casement near the sill, the bottom bar 
at z, in diagram b, fig. 3, Plate XXXV., lies, when the window is 
closed, against the cross-bar / The bottom bar of sheets may be made 
still deeper, making the joint all the longer up which the rain has to 
be blown before it can enter the room : this is shown in diagram A, 
fig. 3, Plate XXXV., at 4; c, c7, e,/and g are parts corresponding to 
those in upper and lower diagram in fig. 1, Plate XXXV. In place of 
the square rebate c, as in upper diagram in fig. 1, Plate XXXV,, the 
meeting vertical joint of sheets is constructed, as in fig. 4, diagram a, 
Plate XXXIV., at ah^ covering pieces being outside and inside to 
conceal the joint and make it externally water-tight. Fig. 4, Plate 
XXXV., dia^am b, is part cross section and part elevation, of inner 
edge of vptical bar, as at h in fig. 1, Plate XXXV. If the sheet be 
divided either horizontally or vertically by an astragal, the section of 
this will be as in fig. 4, Plate XXXIV., at b, dimensions and general 
outline or elevation being as in same figure, diagram above b. 

Venetian Windows 

are what are called “ three-hght ” or three*sheet windows, but of 
which the central light, as a a! a, fig. 6, Plate XXXI., is wider than the 



JOINElIt. 


m 


two side lights, h V h\ cc' d ] the lights are divided bj solid piers, 
e 6, d d, in stone, or of flat mnllions m wood. In "the plan in lower 
diagram d'di is the wall bi'oken by the three voids. Fig. 3, PlateXXXV., 
gives in elevation and section part of a miillion or pier, as e e, d d, 
in flg. 6, Plate XXXI., showing mode of ornamenting them when 
of wood. Fig. 5, Plate XXXY., shows the method of hanging the 
sashes, the parts being the same as in this portion of an ordinary 
sash window : see flg. 2, Plate XXXIY. 

Bay Windows 

are, like the ‘^Yonetian^* windows, ‘Hhree-light but in place of 
having all the three in the same plane or running in the same flat 
surface of the wall, as in flg, 5, Plate XXXY., have the side lights, 
as cc, d, flg. 7, Plate XXXI., oblique, or at an angle to the central 
light a a, which runs in the same plane .as the walls e e. The central 
light a a is divided by piers, 6, 6, from the side lights, which are shown 
in the plan forming the lower diagram of fig. 7, Plate XXXI. The 
mode of fixing the sash-weight boxes, or of hanging the lights from 
a bay window, is shown in ilg. 2, Plate XXXY. ; the parts indicated by 
accented letters forming the part for the central light, corresponding 
to a a, — those not accented the points for the side lights, corresponding 
to c c, fig. 7, Plate XXXI. (See fig. 4, Plate XXXY.) 

Bow and Windows. 

Bow windows are often considered the same as bay windows, but 
the distinction between them, which is very marked, is easily 
remembered. In a ^^bay” window there are three lights, and the 
plan forms part either of a hexagon or an octagon, as shown in the 
plan in fig. 7, Plate XXXIII. In a “ bow window the plan is either 
semicircular, or part or a segment of a circle less than a semicircle. 
The form of Y ” windows is, as their name indicates, made up of 
two lights, as a a, a' a', fig. 1, Plate XXXY I., placed at an acute 
angle, and meeting in a sharp end or arris at c, c c the wall from 
which the angular walls spring. In the figure the sashes or lights 
are fixed, not hung as in the windows in fig. 2, Plate XXXIY., and 
figs. 2 and 5, Plate XXXY. 

Window Skutters, 

The shutters most generally employed ar§ of the class known as 
“ folding,^’ so called from the boards being hinged together at their 
edges, and folding in upon one another so as to occupy a much less 
space than when they are opened out and extended. When so folded 
up they are pushed back into a recess made in the wall, or provided 
for by wooden constructions of cases where the thickness of the wall 
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does not admit of the depth of cases or recesses necessary to hold the 
shutters. These recesses, however formed, are called shutter boxes,” 
and when formed in recesses in the thiclcness of the walls they are 
lined with wood. The simplest form of shutter and shutter -boxing 
is shown in fig. 3, Plate XXXIII. ; ot a 5 c the wall in which the recess 
is made; A the line of window to be covered by the shutter/^ A z. 
The back part or board, as e 5, is called the back lining ” ; de^ ch, 
the “ side linings.” Shutters are either plain or panelled, the latter 
behig of course employed in the better class of buildings. Thex'O are 
two shutters or haps,” as the leaves are technically termed, in the 
plan in hg 3, Plate XXXIII. — the front hap,” as gg hj only 
panelled, / being the “ styles ” into which the panels are fitted. The 
back hap ” is at i % and is plain. When the shutters are in place 
in the box, the front or outside face to the room shows panelled. It 
may be a square panel hush or hat at back, as shown, or it may show 
panelled on both sides. Pig. 2, Plate XXXIII., is part elevation of 
shutter front panelled. Pig. 3, Plate XXXYI., shows shutter-boxing 
with three hap shutters. In this case the centre hap is called the 
“ second hap,” 1 1 m the front hap, and fg f the back hap.” The 
back lining ” is at 5 5, c being ground into the two pieces or styles 
5 5. This plan is for a Yenetian window. The diagram to the left 
in hg. 4, Plate XXXYI., shows shutters and boxing for a bay 
window. Where the boxing is not made in a recess in the wall, but 
projects from the wall, the side of the box is ornamented with an 
architrave moulding, as Sit ii in diagram to the right in hg. 4, 
Plate XXXYI. Where no shutters are used, the diagram in hg. 2, 
same Plate, shows how the meeting angles of walls from a bay 
window may be inclosed by a diagonal piece moulded in face. In 
Plates XXX YII. to L. inclusive we give a variety of subjects to 
scale illustrative of several departments of Carpentry and Joinery 
work, the titles and details of which are sufficiently explanatory of 
their natui'e and their constructive points. 
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STAIRCASING AND HANDRAILS OF STAIRS. 

Introductory. 

It has been suggested to us that it would form a useful addition 
to the matter which has been given in this volume if wo devoted 
some paragraphs to the subjects of staircases and tho handrails with 
which they are in good classes of houses provided, and by which 
they are guarded. These two subjects have always been those carry- 
ing with them points of great interest to the joiner; and many 
works, some of them large and exhaustive, but all of them pretty 
intricate and full in detail, have been published from time to time. 
The department of handrailing especially has had special attention 
devoted to it. It seeming to be possessed of a species of fascinating 
interest to many practical men, and being a subject capable of varied 
treatment, not a few writers have entered the field, claiming each of 
them to have discovered the true and the best, that is the only way, 
in which handrails can be most quickly, accurately and economically 
turned. The subject is too wide, therefore, to admit of our having 
the space necossaiyto give it anything like an exhaustive treatment; 
at the best we can only give a few of its leading points. These will 
have reference to the ordinary or general method, or what may bo 
called, if one pleases so to designate it, the old-fashioned method; 
but which, notwithstanding the new methods of working, still main- 
tains its ground. The paragraphs we give are as practically suggosbive 
as possible, and give the young reader a fair idea of what its prin- 
ciples are, and of some methods of doing the work, leaving him to 
study tho subject in special works dealing with it in a way more or 
less exhaustive. Without further jireface, then, wo proceed to point 
out a few of tho 

Varieties of Staircases. 

The first we shall notice is that variety known as a staircase 
with landings.’’ i?igs. 1 and 2 are tho plan and scct-ion of a staircaso 
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with a level lauding; the dotted lines in the former represent the 
carnages ; the joists forming the half-space should be built in, as the 
walls are carried up. It consists of treads and l-in. lasers 



Tig. 1. 


mitred to a 1-in. beaded open string-hoard, and housed and wedged 
into 1-in. wallstring, 1-in. bar balusters, 3 X 2|-in. moulded handrail, 
with proper scroll, curtail step, and turned iron newel. 



Mg. 2. 

'‘To Prepare tlie Wreatlied String-board/’ — Make a cylinder or 
centre to lit tbe circular part of tbe well-hole, and maik the 
springing-lines upon it : these are the position of the risers contiguous 
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to tho half-spaco ; bond a thin slip of wood round this, and transfer 
the distance between the springmg-lines to a straight line, as a h, 
fig. 3. Place a flyer (or common step) before and after this, as 
shown in sketch; produce the lower edge of the string-board, as 
0 d e f; make d e parallel to a h, leaving sufficient width to receive 
the floor of the lanffing, and case ofi’ the a-ngles to the centre of the 



Fig. 3. 

well-hole by intersecting lines. A veneer of sufficient size is then 
moistened with hot water, and being bent round the cylinder to the 
proper pitch, is blocked vertically with strips of wood about 1 in. or 
in. wide, and 1 in. thick, which are, fitted and glued on the veneer; 
they arc then levelled down and backed with strong canvas; the 



Fig. 4. Pig. 5. 

springing-lincs must be marked upon the stiing-board before taking 
it off the cylinder. The steps are then set out as pinviously directed, 
the line a h being drawn by means of a zinc sct-squai*e made to fit 
the well-hole. The wreathed string-board should always contain a 
flyer before and aft(*r the half-space (or winders, as the case may 
be), as tho joint is then less liable to be seen, and is more easily 
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cleaned off. The circular pai*t which joim the facia oti the landing 
at the top of the stairs is prepared in a simihir way. TIkj wreathed 
and straight string-boards ai*e (jonnected as lig. 4, by fixing two 
pieces, a, a, to the latter, grooved across to reci(‘ive a pair of oak 
wedges, one of which, as B, is fixed to the wrc^atluHl piui, and the 
other being driven in tightens up the joint ; it is also usual to put 
a tongue in the joint. The curtail sti‘.p is fixed to the string-board 
in the same manner , the bead on th(^ lower edg(^ of the wreathed 
parts may be of cane, or lead piping, but we prefer a willow wand 
steamed and bent round. The iron stay balusters are let in and 
firmly screwed to an oak block fixed on the riser, as shown at fig, 5 ; 
the balusters are knee^d about in. from the face of the riser and 
string-board, as fig 6, and are concealed by the lattcsr and the 
returned nosing. Sometimes tliese are not fixed till the stairs are 
up ; in such cases it is usual to fit a thin piece of wood down upon 



L ltouf/h Carnages ^ 

X'd' String Board j 
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Fig. 6. 


the block to cover the baluster, as shown by the dotted line. One 
of these should be fixed to every fifth riser, or as near this as the 
step will divide, keeping them rather closer than otherwise, and as 
near the half-space (or winders) as possible, but not in the ramped 
part of the rail. The other balusters are dovetailed into the end 
of the step, as shown ; the rest of the diagram represents the string- 
board as finished. 

“ To Prepare the Curtail Step.’' — ^The block at b, fig. 7, is glued 
up in three or four thicknesses, crossing the grain of the wood each 
time. A solid piece, as c, is then fixed to it, and being cut to a 
pattern of the proper shape, a veneer is cut on the riser, the end of 
which is made very thin, and being moistened with hot water, is 
secured in the groove at a by a pair of oak wedges ; it is then bent 
round the block, and tightened with another pair of wedges at n, 
keeping the riser close to the block with a hand-screw. Those 
wedges must fit very accurately, as the veneer will buckle if one 
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edge u wedged tighter than the other. The block should bo warmed 
with a red-hot bar of iron previous to gluing the veneer on, to 
prevent th(i glue from setting too soon ; the hot water softens the 
veneer, so that it bonds more easily, and as it dries fits closer to the 
block. It is usual to woik the hollow moulding under the nosing 
upon the upper thickness of the block ; this is |)ut on after the 
latter is vc^noored. ‘‘The scroir' is described in figures yet to be 
given, and on this remarks will be found in the volume “ The Building 
and Machine Draughtsman/' Having divided the scroll, and described 



Fig. 7. 


the arc b c E, as already directed, join b e, and from c draw a line 
perpendicular to be, as o g , from the point of intersection of these 
two lines draw diagonal lines to the centres a and d ; produce these 
indefinitely ; make D E perpendicular to o d, cutting the diagonal 
line at f, which is • the next centre ; in this manner all the centres 
are found, as ir, i, etc. To exemplify tlie scroll, and curtail more 
fully, we have drawn another arc, as b j, by producing a line fiem a, 
cutting th(‘, diagonal line in m. Big. 5 is section through a b, hg. 6. 

The example which wo are about to give of a staiicase is on6 of 
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V6ry frequent occurrence. It is a plain return staircase without a 
landing. Fig. 8 is a plan of the stairs, and fig. 9 is an elevation, 
the string-hoards and walls being supposed to be removed. From 
fig. 8 set olf, on a rod, the distance from A to B , allow for a mould- 
ing round the doorway at A , deduct from c in B for the winder's, 
and divide the remainder into the number of fiyers i-equired ; upon 
the other side of the rod divide the height into the requisite number 
of risers, as seen in fig. 9. To prepare stairs of this description, 
straighten the front edge and the under side of tread where the 
riser is fixed, leaving the top perfectly rough until the step is glued 
up and blocked (befoie winch one end of the treads and the riser 
must be squared) . having done this, plane the top of the tread, 



riser ; bore holes, to nail or screw it to the said riser from beneath ; 
make the nosing round, and the stop is complete ; repeat this with 
all the flyers. Set off the winders, as in fig, 10, those risers which 
are parallel to the face of the newel being tenoned into it about 
three-fourths of an inch; bird-mouth each tread to fit round the 
newel, as drawn on the board full size ; mark the lino of the upper 
riser on each, and bore nail-holes as for the flyers ; bevel the ends 
of the risers, and glue and block them up. Set off the string-board 
as shown in fig. 11 by tacking a straight-edge at the distance a h 
from the top edge, to which apply the longer side of the pitch-board 
(fig. 12), keeping the tiead upwards; mark round this, which shows 
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face of the newel finishing level with the first nosing; the tenon 
must not be in the centre, as only one shoulder is requisite. 

Having marked all the steps in the manner described in the last 
paragraph, remove the straight-edge, and with the template (fig. 13) 
mark the grooves or housings for the ends of the steps in the string- 



Fig.511. 

board ; sink about four inches each way, as c, fig. 8, then cut in the 
lines with a fine saw the proper depth of the groove, being worked 
to a line gauged on the lower edge. Having done this, fit the nosing 
of each of the fiyers into its respective groove, keeping the best steps 
towards the bottom; then lay the string-board fiat on the bench, 


A 


Fig. 13. 

place the upper step in its place, and wedge it fast ; repeat this with 
the next step under it, nailing or screwing it to the upper riser from 
the under side; the steps being all fixed in this manner, glue on 
the lower newel (the tenons on each end of the string-board having 
been previously fitted into their respective newels), and fix the first 
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stop ; the flight is then ready for fixing. The handrail is of the same 
longtli as the string-board, and, like it, must be fitted into the newel 
and draw-board previous to fixing, and housed in about one-fourth 
of an inch. To lix those stairs, glue the second newel on the strino"- 
board of the fiist flight, then place them in their proper position 
with the newels perpendicular, and wedge a piece of wood between 
the wall and string-board, to keep the stairs in their proper places * 
chalk round the under side of the steps on the wall, and scribe the 
ends lip to tlu^ brickwork; then take them down, and cut the ends 
as scribed, and the linos chalked on the wall give the proper length 



beneath, put a bearer under the middle of it, wedging one end in 
the wall, and nailing the other to the newel ; repeat tliis with all 
the winders, then nail brackets similar to a, flg. 14. Block them 
to the treads and risers, also block the treads of winders to their 
respective bearers, fix tlie rail coping and balusters, and the staircase 
is completed. The same method of setting off string-boards applies 
to those stairs which hayo a wall -string. 

Mg. 15 exhibits the method of finishing the string-boaxd on the 
landing in cases where the facia b requires to be fixed farther back 
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than the riser a, to obtain head-room ; and the method of finishing 
the rail. 

In our remarks on staircases, for purposes of convenience of 
arrangement, we include here descriptions and illustrations of stone 
staircases. For these we are indebted, as well as also for a few 
which follow made of timber, to a Continental source. 

There are two principal varieties of staircases in use : one as in 
fig 1, ante^ in which the steps are parallel to one another, and arc 
of some width of tread ’’—that is, the part on which the feet rest 



in ascending and descending; the other in which some of the steps 
have then’ treads of unequal width — that is, tiiangular in shape, as 
in fig. 8, ante, at 7, 8, 9, 10, 11, and 12. Those steps so shaped are 
called winders.” In large stone staircases these tiiangular-shaped 
steps are generally avoided, on account of their want of elegance; 
and they are constructed with straight flights and landings” between 
two walls or well-holes. In the first case the steps are made fast at 
their ends to the straight walls, and the under part may be seen ; 
but when they are too large to be made of one piece — that is to say, 
when they exceed 1 metre 50 centimetres — they rest on solid masses. 
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In this second case the steps rest upon inclined pieces, re-entering in 
the angles, or rather on parts of arches. Those staircases have an 



appearance of grandeur and solidity suitable for buildings whose 
ground floors are raised Stone staircases may bo made with or 



without carriages and newel posts. The steps should be supported 
by their joints alone, and form below an inclined and fiat surface 



terminated by a groove or elbow, in such a way that each groove 
made on the front of a step fits in exactly to a section formed on 
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the back o£ the other, as is repicsoiited by the sketch in hg. 16; 
the sbeps being made fast on one side to the partition wall, and 
mauitamed there by a good bearing surface, which may quite well 
he supported without carringo and newel posts. In this case the 
steps are profiled as indicated in fig. 16. When carriages are added 
they increase the solidity of the staircase by supporting the steps at 
their end in such a way that they cannot move from their place. 
Partition walls are those which inclose the staircase, and to whicli 
are made fast the ends of the steps. The space comprised between 
them is called a ‘ ' well-hole, ’’da 3 dight passing down the space between 
the carriages. The width of the upper part of the stop, the part 
upon which the foot is placed, is called the ^Hread,” the vertical part 
the riser, and the whole of the step comprised between carriages is 
called the step. The steps cannot be made higher than 16 cm. by 
34 cm. of tread. When the height is increased it is necessary to 
diminish in the same proportion the tread. Those two dimoiisions 
added together should give as nearly as possible 50 cm. In staircases 
where the steps are only from 12 to 15 cm. wide the tread increases 
in proportion as the height diminishes. The most convenient height 
for the riser — the one generally given — is about 16 cm.; it is suffi- 
cient to ascend and descend easily. The study of a staircase presents 
several difficulties ; the principal consists in the distiibution of the 
steps in section with regard to the point of starting and of arrival, 
especially for private staircases, the space allow’cd for which is often 
very limited. But whatever the plan of the staircase, the division 
must always be made upon a line passing through the middle of the 
staii*. If there are triangular sloped steps, the division is made on 
an arc of circle corresponding with the line on the middle of the 
straight parts. The division of the steps being made in perspective, 
it now remains to make them in raised plam. This operation is not 
without difficulty, on account of the rigorous accuracy which it 
demands ; for the smallest error of calculation repeated at each step 
would produce in the height of a story a great difference. W© 
cannot, then, recommend too great accuracy in the execution of this 
work. The draughtsman, therefore, should always mak© his draw- 
ing the size of execution (full size), with the section on which he 
draws the projections, which enables him to set up squares, which 
he gives to the stone-cutter or carpenter, according to the nature 
of the staircase. If the staircase is a stone one, he places the stops 
level on the length without any prop, taking care to give them a 
slope of about a millimetre in the direction of the tread. An unin- 
terrupted suite of steps comprised between the point of starting and 
the upper landing is termed a flight of stairs. Staircases are com- 
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posed of one or sevei;al stairs, and each stair may have several 
flights. When it is composed of several flights it is necessary te 
diminish in ascending the number of steps from one flight to the 
other, in order to have more landings. 

Timber or wooden staircases are, like stone ones, formed of steps 
supported by carriages, and by newels. Steps may bo solid or not ; 
when they are solid (which is rarely met with) they are? composed of 



a single piece of wood, cut as for stone steps, as already mentioned. 
In the other case they are composed of two boards, one vortical, the 
other horizontal, and are joined with grooves and tongues. In fig. 17 
the steps are on one side made fast to the wall, and on the other 
mortised into a piece of inclined wood called a carriage or quarter, 
or rather into a solid mass, either of wood or stone. The carriages 
are composed of a piece of wood properly secured, to which is given 
a height of from 32 to 36 cm. by 9 cm. of thickness ; they are always 
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placed parallel with tbo partition wall. They may bo vusHjIo or in 
frames. The carnages are formed of several pieces, joined by tenon 
and mortise or scarf joint, and fastened with iron pins. In visible 
carriages the steps fit into the partition or inner surface; the under 
part remains visible (fig. 18). 

Straight carriages present no difiicnlty in their execution; it is 
sufficient to draw upon their interior surface the outline of the stops 
in order to hollow in them the grooves which are to receive them. 
It is not so with curved carriages, the design of which demands a 
certain amount of work. These carriages should be considered as 
parts of hollow cylinders cut obliquely, whose baso is indicated by 
the projection in plan. Fig. 1, Plate I., indicates the drawing of 
lengthened curves of a carriage whose projection in plan is circle. 
To find the width and the slope of tho flight in which should bo 
taken this carriage, we must commence by maldng tho plan on 
which IS indicated the width of the stops and of the carriage, fig. 2 , 
Plate I., and a section indicating the height of the stops, fig. 
17; then by raising perpendiculars from the points 1, 2, 3, 4, etc., 
and leading horizontals on each height of step, fig. 7 (see also sec- 
tion to the left in the annexed engraving, fig. 3, Plato I.); then 
intersection will give the outline of the steps close to tho carriage. 
Pass through these points of intersection a curved line p q ; this lino 
will represent the slope of the carriage. By leading parallels m n, r s, 
to p Q, we have the angles of the upper and under part of the interior 
carriage. In passing through their intersection curved lines, we have 
the outside angles of the carriage. 

To find the curve or template, fig. 3, Plate I., raise perpen- 
diculars to the line K l parallel to the slope of the carriage of all 
the points of meeting of the vertical lines 1, 2, 3, 4, etc., raised from 
the plan, and carry on these lines the size of the corresponding 
ordinates drawn on the plan. Bypassing through those given points 
lengthened curves, these curves will form the internal and external 
angles of the template. With this template we draw the -pieces of 
wood which should serve to form the carriage by taking away all 
the wood outside the drawing. The curved surfaces being thus 
made, we indicate on the internal one the outline of the steps to 
make the grooves which should receive them. 

We now come to the class of staircases having winders and curved 
steps. We call triangular sloped steps, or circular steps, those which 
are fastened to triangular carriages. In old staircases these steps 
all tended to tho same centre — ^that of the triangular block. This 
construction is faulty, and often became dangerous because there 
was little or no tread ? left at the inner end or neck, To remedy 
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as much as possible this inconvenience, staircases have been contxived 
with hollowed newels, open, and with circular blocks or continued 
carriages, such as represented in figs, 19 ante, Plate XX., and in 
fig. 1, Plate II. In these staircases the parallel steps nearest to the 
circular blocks vary in width in favour of the circular steps, following 
a progression wliich increases or diminishes according as wo withdraw 
from or approach the stmight carriages. This arrangement of the 
steps is called balancing ; the object of it is to give a nearly equal 
width to all the steps, to avoid the projection or bend which is 
formed at the meeting of the lines which pass through the angles of 
these steps when they suddenly change in width. To obtain the 
balancing of the steps, it is sufficient to trace upon a plan the two 



carriages, straight and curved, a b, B c, fig. 2, Plate III., which 
correspond to the small and to the large widths of steps ; the height 
being the same for all, there result two lines of different inclined 
planes which will form an angle B at their junction. Upon these 
lines A B, B 0, if we raise indefinite perpendicular lines, e n, f n, we 
shall have At their junction d the point of centre of the arc of circle 
which should form the junction of the two lines of inclined planes. 
Prolonging, then, the lines of height of steps to the meeting of the 
curve, their intersection will give the points a, 5, c, d, e,f, which will 
indicate the progressive width of the joint of the steps against the 
straight and curved carriages ; by carrying back all these divisions 
in the same order on the plan, and making straight lines pass through 
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these points and those already indicated in the middle line, l m n, 
parallel to the carriages, we shall have the direction of the stops. 

Timber staircases are generally comparatively small ; they serve 
as private staircases between apartments situated one above the 
other. The smaller the space they occupy the more attention do 
they require in their arrangement. As the points of starting and 



of arrival are fixed, we are often obliged to twist them round in 
order to make more room to ascend and descend freely without fear 
of knocking the head against the lower part of the upper steps. 
The construction of a staircase becomes then one of the most difficult 
parts of the joiner’s art, to arrange the flights with elegance and 
ease ; the pieces should be cut beforehand so as to fit into one 
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another and contribute to the general solidity. Steps may bo in one 
piece, or of several pieces joined together. When they are solid, 
their section and corresponding groove are made like those in stone 
or wood; they are firmly joined together at their ends by double 
bolts with screws and nuts, which bind them successively together 
to the steps of the lower and upper part by crossing them obliquely 
on the width. Often, to avoid the cracks to which solid wood is 
liable, we cover the wood with light joiner-work, which hides the 



Fig. 22. 


defects of the wood, and gives a smooth surface, which adds to the 
beauty. When the steps are joined they are composed ot two 
boards ; the upper one, whose front end is ornamented, may be 4 cm. 
thick ; it is joined in mortises made in the carriages, and «oinetimes 
with tenons ; the other board forming the front is joined to the 
upper part with groove and tongue. We give them about 3 cm.^ in 
thickness (see figs. 17 and 18, ante). If we wish to foim a ceiling 
or under surface, the planks which compose it will be joined togetiier 
and to the carriages with grooves and tongues, or dovetailed, inis 
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latter method is preferable because, the wood being li<able to shiink, 
it hides the joints which open in a disagreeable manner. When the 
staircase is composed of a newel, the steps turn spirally round the 
newel, and are joined with tenon and mortise. 



Staircases with flyers or parallel-sided steps and well-hole are 
illustrated in figs: 21 22, 23, and 24. 

In staircases of this kind, two principal things are to he considered : 
the steps, and the carriage. Sometimes the steps fit on one side into 
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tli .0 wall of i.lio .staircase frame, on tlio oilier into a carriage con 
stnictcd on tlio side; sometimos they are supported one upon the 
other by their fastening on one side, and by their section forming a 
hojid or cairiago on the other end ; sometiines they are supported 
without ca-rrhigo solely by their grooved section, tlio faKstening of 
one of their ends, and the abutment against the upper and under 
landings. 

In the example here given^ the carriage is formed by the head 
of the steps. 

Two methods of joining stops and carriage are proposed : the one 
as in fig. 25, the other as in fig. 24. Both, as may be seen, satisfy 
the data of the programme. i 

Fig. 16, ante^ is an example of steps without carriage, the solidity 
of whicli is assured by the grooving of one of the stops upon the 
other, and the perpendicular section on the lower surface of each. 

It is to be observed that in staircases without carriage the compass 
of section must be large in proportion to the strength of the, stone. 
For strong lias stone, this section is the third of the height of the 
step, and the groove the double. 





Fig 24. 


The loss of stone which the system of steps bearing carriage entails 
may be rendered much less by taking two steps out of the same 
block ; then the broad part of the one is taken out of tbe narrow 
part of the other. 

We now come to notice the class of staircases with circular well- 
liole and fiyer and winders, sometimes known as hanging staircases, 
lliis, though generally constructed of wood, may bo made of stone, 
the more so as the method of construction suitable for it is that 
used for stone staircases. Its steps are solid, of one piece, and 
finished with a moulding ; each one returns horizontally by about 2^ 
(0*054') the prc'.coding fme, and is supported by a joint which is 
per]>ondieulai' to ilie surhu^e of the under pari of the sl(‘pH. The 
caniige fits in to the first step, which is of wood and securely 
fa;St(med to the foundation wall. The under paii of the steps is. 
visible. 

Jn a nowelled staircase with continuous carriage the larger and 
more hollowed is a staircase with carnage in circuhir well-hole, the 
nan ower are the stops at their end, and consequently the loss neces- 
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sary are the circular steps to secure a firm footing ; novertholoss 
they cannot he done without when we wish the arrises of tho carria,ge 
and of the steps to be directed in their whole extent without pro- 
jections, hends, or angles. To effect the balancing of the steps we 
may examine fig. 29, and figs. 1 and 2, Plate III. Formerly 
steps were made of ends and rafters laid flat above and profiled in 
front ; one of the ends was made fast to the wall, and the other to 
the carriage. Laths below the steps covered with plaster formed 
the under part or ceiling of the staircase, and a plastered and paved 
joint was effected above the steps. Nowadays the stops are made 
of one pieces they are placed one above the other, like tho stone 
ones, and the ceiling is besides rough cast on closed table-work, to 
join the steps with more solidity. To keep the coating on its contour, 
and to prevent the shrinking which takes place when the wood has 
dried, we make in the inside of the carriages the groove /c, indicated 
on fig. 2, Plate III. 


C 



As in freestone staircases, the carriage is made out of a single 
piece as far as possible— that is to say, as far as the thickness of 
the wood allows us to find the necessary curve without taking away 
more wood than we leave ; otherwise this carriage is made of several 
pieces joined in section, or in scarf joint with keys. 

Joiners occasionally make private staircases leading from one story 
to another in the interior of an apartment. Although of light wood, 
these staircases are nearly always constructed upon the same data 
as those of stone and wood : the processes of drawing, of section, 
of joints, and the means of raising the elevations on the plans, of 
developing the curves of the carriages in circular well-holes are the 
same. 

The Handrails of Staircases. 

To understand the principle upon which handrails are executed, 
the young reader should study the diagram in fig. 26— for the more 
complete comprehension of which we would recommend him to look 
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at the cognate projections in the volnmo entitled Tiie Building and 
Machine Draughtsman.*' Divide the outer semicircle ah c into any 
number of equal parts, as 1, 2, 3, 4, etc., radiating to the inner 
semicircle ; draw lines from these perpendicular to the base line, a h, 
and centio c, cutting the raking line d e in the points 1', 2', 3', 4', 
etc. ; then, distance 1/ being set off from V to f\ 2 <7 from 2' to g', 
and so on, the semi -ellipsis e f g' h ij h is the true section of the 
semicircle al 2 b. This contains the entire principle of handrailing: 
supposing the lower diagram to be the plan of a rail, and c d the 


<- 



pitch, the semi-ellipsis of upper diagram would be the face-mould. 
If a wreathed piece of rail is laid upon a level surface it will rest 
on several places, more or less, and the distance from these resting- 
places to the highest part of the rail is the exact thickness of the 
plank required. 

'' To Obtain the Balling Mould.**— Make a pattern of thin deal 
to the plan of the rail, and mark and figure the risers upon it, as 
in fig. 26 ; apply the round edge of this upon a straight line, and, 
turning it along, mark each ordinate from it, as 1, 2, 3, 4, etc, (a b. 
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fig. 27) ; allow about three inches past the springing to join the 



11 1(1 ') h 7 b 5 i -3 ii I 


Fig. 27. 

straight rail on the landing, and divide it in the same manner, which 
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gives tho cxa,ci development of the handraii (the wox*kmaii in setting 
out this supposing himself to be on that side of the lail next the 
wall, otherwise the perpendicular lines will he on the wrong side of 
the falling mould), From the points 1, 2, 3, 4, etc., make 1 a equal 
to the heiglit of a. st(q), and 12 h equal to twelve stops; join a J, and 
the intersection of the raking lino with the perpendiculars gives the 
height of the various steps ; at any equal distance from this draw 
two parallel lines to represent tlie thickness of the handrail, as c c, 
which, as the stairs are stecq), will he three feet high to the upper 
side, measuring plumb over the face of the riser ; ma-ke the lail on 
the landing five indies higher, and curve the angle, as shown by 
intersecting lines ; keep the newel suHiciently higli to allow the level 
miti’e-cap to bo eased neatly into the raking-rail ; mark and figure 



Fig. 28. 

the situation of each riser, also the joint and this completes the 
falling mould. No length of wrc^atli-rail should exceed a quarter 
of a circle, as beyond this it runs into a curve of contrary flexure, 
thereby rc(|uiring extra thickness of stufiT. 

find the Ifitch and Thickness of Stuff required for the Jlail ; 
thence to trace tln^ Face Mould.'' — Mark and figure the various 
heights of the upper* and under edges of the failing mould upon ilw 
blade of a deal T-s(|uure, wbiedi is made to move tightly through a 
mortise in the stock, and applh'd at a straight-edge, as a b, fig. 28, 
which npirescrits the upper* part of tlic falling mould upon a larger 
scale; the sepiare, wrth the luiights marked on it, is shown at a, 
fig. 29. Fasi'en the patteTu, fig. 30, with a broad-hcacled nail, as at 
B, fig. 33 ; apply the T -square to a straight-edge, as a h, and prick 
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off each height of the falling mould, as marked on the blade, per- 
pendicular under the corresponding points on the outer and inner 
edges of plan at b, as 16 16, 15 15, and at c, where the twist of 
the rail is shown by tracing a hne through the various points. The 
(lotted lines from b to c are drawn in the proper position, but it 
must be turned round on the nail as a centre till the heights are 



contained in the least distance between two parallel lines, to define 
this more clearly; but in practice a slight pencil-mark at each height 
is sufficient. There is no correct rule to fix the pattern b at once 
in which to represent the thickness of the plank required to square 
up the rail, as 1 2 3 4, at c; but as the corners are worked off in 
moulding, it may be cut out of thinner stuff still, as fig. 38, where 



Fig. 81. 


A is a view of tbe upper end of the rail-piece, a section through A b, 
fig. 33, showing the position of the rail as finished, and the super- 
fluous wood required to be cut away in squaring it up. By this 
method the rail may be cut out of any given thickness of stuff, by 
moving the pattern till the distance between two parallel lines is 
equal to the required thickness: the length of the face-mould depends 



270 


STAIRCASING AND HANDRAILS OF STAIRS. 


upon tlie pitch, which is regulated by the thickness of the plank. 
Draw a line, 5 6 (fig 29), parallel to 1 2, 3 4, at o; apply tho J -square 
to a straight-edge at the doited line 7 8; set 15, 14, 13, etc., on the 
line 5 6, perpendicularly under the corresponding ordinates, a,t n, at 
the same time marking tho various heights of tho out(*r a,nd inner 
circumference upon the blade of the square transfcjr tliese lieighis 
as the figures direct to 5 0, and a curve being traced through them 



Fig. 32. 


produces the face mould asu; radiate the ordinate across this, as 
shown, draw the pitch-line, e f, at any equal distance from 5 G, and 
intersect it by another line, as a h, perpendicular to 7 8 ; then tho 
angle formed upon the face mould by the junction of thaso linos is 
the pitch of the rail. It will be seen by this that the face-mould 
is pricked off the pattern b, in the same manner as the scmi-ollipsis 



Mg. 33. 


in fig. 30, but by transferring the heights upon the T-square instead 
of drawing Imes upon the board, which is more confused and trouble- 
some, the face-mould must be made about ^ in. longer, to allow for 
the joint. 

To Apply the Face-Mould to the Plank.’^-^Let abed fisr. 33 
represent the plank; mark the face-mould upon it, as ^ shown' 
continue the pitch -line (j h along the plank, and make A i equal to h 4 
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fig. 34. Draw J k perpendicular to g h, intersecting it in the point 
i ; producey k and g h on the other side of the plank by pushing the 
notch-stick, fig. 39, upon the plank at the line j k, till the mark a 
on the longest leg is at the point i ; then the other leg being imme- 
diately under this shows, the proper position of i on the other side 
of the plank ; from this draw a line coinciding every way with the 
plane passing through the pitch-line g h at right angles to the face 
of the plank ; keep the extremity of the face-mould at li fair with 
the point i on the plank ; making the pitch-line on the former range 



with that on the plank, as shown by the dotted lines ; cut the rail- 
piece out as marked making the teeth of the saw range with the 
ordinates figured on each side of the plank, as 16, 15, 14, etc. 

“ To Square up the Rail.” — Draw perpendicular line upon the rail- 
piece from the various ordinates, as shown at fig. 32, which repre- 
sents the rail-piece previous to being squared up, and applying the 
falling mould, the lines drawn upon which will agree with those on 
the former, slip the nbtch-stick upon the rail-piece at each line, 
keeping the mark a at the upper edge of the falling mould, and 
mark the position of the short leg upon the corresponding ordinate 



of the inner circumference of the rail, which is squared by sawing 
the superfluous wood away to these marks, making the teeth of the 
saw radiate to the various lines as figured, having worked the upper 
side of the rail to this gauge and to the proper thickness, and saw 
it as before; the dotted lines show the position of the rail when 
squared up. This system of handrailing has no reference whatever 
to the edge of the plank, either bevelled or otherwise. The ends of 
the face-mould are left rough, and about three-fourths of an inch 
Jong, to allow for cutting the joint ; the proper pitch of the rail in 
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the plank is produced upon the pitch-line ; and when it is cut out, 
as fig. 32, and placed in proper position, the ordinates on the outer 
and inner circumference will be perpendicular over the corresponding 
points in the plan of the rail. 



To describe tbe Falling Mould of a Handrad,” fig. 36.— The 
tailing mould IS described by placing a flyer before and after the 
half-space, and drawing lines to join the risers, as a 6, c (f : at any 
equal distance from these set off two parallel lines to represent the 
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thickness of the and ease oif the angles by intersecting lines, as 
shown. In the lower wreath piece, the under side of the rail is 
pi’odnced first, and the upper side drawn parallel to it, while in the 
upper wreath piece the upper side is drawn first, as shown ; by this 



means the same falling mould is applicable to both. By turning it 
upside down this is evident, as the distance from the upper side of 
tlio rail to a given line c/, drawn parallel to the development of the 
half-space, corresponds in every way with the distance from the 

18 
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latter to the under side of 'the lower wreath piece; therefore only 
one falling mould and one face mould is required. The falling mould 
for the wreath piece over the landing at the top of the stairs, hg. 37, 
is produced as previously described, a, fig. 38, is a pattern of thin 
deal to the plan of the rail over one-quarter of the half-space ; b 
represents a rail in that position, requiring the thinnest stuff ; the 
distances of the various ordinates in the plan of the rail from the 
line a 5 at A are pricked off perpendicular to the raking line c d, and 
a curve being traced through them produces the face-mould at c; 
this is done in practice by means of a T -square. Fig. 39 shows rail 



for landing at the top of stairs; face-mould, etc., for this are obtained 
similar to fig. 38. The dotted lines x x, x x, in figs. 38 and 39, show 
the real thickness of plank required; the outer lines contain the 
rail as squared up previous to being moulded. To describe the falling 
mould, fig. 40, divide the height of the pitchboard, a>h c, into six 
Ta.ake the top of the scroll level with the first part; 
then divide the hypothenuse (which represents the upper side of the 
raking part of the rails, and the level of the scroll into any equal 
number of parts, from which describe a curve, as shown, and draw 
a parallel line for the under side of the rail. The development is 
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obtained by dividing a deal pattern of the plan of the scroll into 
any number of parts radiating towards their respective centres, as 
A, fig. 41, and applying the round edge to the level of the scroll. 



fig. 40; turn it along, and transfer each ordinate upon it to the 
falling mould, as J o s, 1, 2, 3, etc., then fix a thin slip of wood, as 
X X, parallel to the level of the scroll, to which apply «the T “Squai*e, 
and mai-k the heights of the upper and under edges of the falling 



Fig. 40. 

mould upon the blade ; he ordinate c in the plan of the scroll at a, 
fig. 41, is the position of the line a c, fig. 40, and must be kept fair 
0, in developing the scroll upon x X. The pattern a is then l^id 
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down, and tlie J-sqwe applied to a tliin stiaiglit-odge, y y, fixed at 
any convenient distance from a, wliicli is turned round under the 
square, till the vaiious heights on the lower end of the blade of the 



latter are contained in the least distance between two parallel lines 
representmg the thickness of stuflf required, as rr,rr. Another 
thin straight-edge is fized paiallel to these, as v y. The height of 
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obtained by dividing a deal pattern of the plan of the scroll into 
any number of parts radiating towards their respective centres, as 
A, fig. 41, and applying the round edge to the level of the scroll. 



fig. 40; turn it along, and transfer each ordinate upon it to the 
falling mould, as J o s, 1, 2, 3, etc., then fix a thin slip of wood, as 
X X, parallel to the level of the scroll, to which apply «the T “Squai*e, 
and mai-k the heights of the upper and under edges of the falling 



Fig. 40. 

mould upon the blade ; he ordinate c in the plan of the scroll at a, 
fig. 41, is the position of the line a c, fig. 40, and must be kept fair 
0, in developing the scroll upon x X. The pattern a is then l^id 
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each ordinate in the plan at a is then marked on the upper end of 
the square, at the same time marking its position upon v v, with 
the lower end as the figures direct ; the square is then turned over, 
and being applied to the ordinates upon v v, the heights of each are 
pricked from the blade, and a curve being traced through these 
produces the face-mould, as a Two pitch lines are necessary on 
this, it IS so much wider than the face-mould of a common wreath 



J’lg- 45. Pij.. 4b. 


rail. The dotted lines are not required in practice, neither is it 
requisite to draw the twist of the scioll, in ascertaining the thickness 
of stuff; the ordinates 0, 6, 10, at b, are sullicient, as these are the 
most prominent parts of the scroll. The face-mould is then applied 
to the plank, and the railpiece squared up. a, fig. 48, is a deal 
pattern of the scroll to join the straight part of the rail ; b, thick- 
ness of stuff required; c, face-mould traced for the same. By making 



a joint at the junction of the level and twisted parts of the scroll 
e falling mould can be cut out of a 3-in. plank ; the other wreath 
parts of the rail are respectively 3 in. and 2|- in., but by tracing 
each face-mould from a 3-in. plank the railpieces might be cut out 
of each other, thereby causing less waste of stuff, and tlie straight 
rail could also be cut edgeways out of the same plank. Fig. 42 a 
section through the level part of the scroll and curtain step, shows 
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the mode of fixing the u on newel : a nut or collar is screwed to the 
scroll, after being turned and fitted to the upper end of the newel, 
which is fixed to the step by means of a screw-pin forged upon the 
lower end, as shown. Fig. 43 is a gauge, consisting of a beam b in 
which two arms are dovetailed about in. asunder, and touching 
each other at a, where they are secured by a screw ; by placing a 
pencil between these, at the requhed distance from b, and moving 
the beam perpendicularly round the outside of the railpiece, a line 
IS traced on the face of the latter. Fig. 44 is a collar of hard wood 
about 5 in. long, to guide the bit in the proper direction and depth 
when boring for the hand-rail screws ; it is held firmly on the end 
of the rail, and answers the same purpose as a dowel- box in sash- 



making ; it is usual to put a dowel in the joint on each side of the 
screw. 

In the volume entitled ^'The Building and Machine Draughtsman,” 
the young reader will find various problems connected with scrolls 
and spirals, to which we refer him. In figs. 45, 46, 47, 48, and 49, 
we illustrate certain spirals. The logarithmic spiral cannot be 
described by means of circular arcs, and the same may be said of the 
architectural spiral ; but we have given some methods of describing 
spirals by circular arc that will give results near enough for practical 
purposes. The centres of the adjoining arcs must always be on the 
same radial line, else there will be a protuberance on the curve, and 
the greater the number of arcs taken the more nearly will the spiral 
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approach to ropfularity. Lot Uio propcjsod distance between the 
reyohitions be divided into afi many equal parts as there are to he arcs 
in one revolution] and at t}i(3 centres conatruct a regular polygon, 
with sides equal to one division, and with as many sidos as there are 
divisions ; the angles of the polygon will be the centres for describing 
the spiral, as shown by the accompanying figures. Tf a spiral be 
drawn to begin from a circle at the centre, let the arcs bo described 
from the angles of a rectangular fret, as in fig. 49, the sides of which 
may increase in any regular proportion, by which method a pleasing 
curve will be obtained. 


THE END. 
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